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FOREWORD 


Among important services to the industrial and profes- 
sional life of the Nation are those being rendered by trained 
engineers. The responsibility of giving adequate training 
for those who must take an active part in the material 
development of the United States is one that not only rests 
on the colleges and universities but also on technical and 
educational associations that have taken seriously to heart 
the problems that are involved in the betterment of engineer- 
ing service. 

Among organizations that have given the closest attention 
to these problems is the Society for the Promotion of Engi- 
neering Education. This society in recent years has done 
much to improve the conditions of undergraduate instruc- 
tion in engineering and has seen fit to begin to investigate 
the rapidly changing situation in the field of graduate 
work. 

The Office of Education has been pleased to undertake a 
Burvey of graduate work in engineering in cooperation with 
the Society for the Promotion of Engineering Education, 
particularly because graduate work in all its phases is 
passing through an important period df readjustment. 

The responsibility of conducting such a survey was 
assigned to Dr. Walton C. John, senior specialist in higher 
education, in this Office, who is also a member of the Society. 
With the valuable assistance of Prof. H. P. Hammond, 
chairman of the committee on graduate work of the Society 
for the Promotion of Engineering Education and other 
members of the committee, the survey has been completed 
and the results brought together in this bulletin. 

It is hoped that the findings will serve the purpose of 
enabling the engineering schools of this country to meet 
more adequately the demands for. advanced study in 
engineering. 

Bess Goodykoontz, 
Assistant Commissioner. 
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•■f » 

This survey of graduate work in engineering has for its 
objective the presentation of the development ancf present 
status of graduate work in engineering in this country. The 
relatively rapid changes that have taken place in engineer- 
ing education in recent years have caused greater activity 
and increased responsibility in graduate departments, 
making necessary new adjustments to meet the needs of 
increased numbers of advanced engineering students. 

order that adequate standards for higher engineering 
degrees may be maintained, a study of current practices in 
graduate work in engineering was considered to be highly 
desirable by many leading engineering educators. 

In the spring of 1933 the Society for the Promotion of 
Engineering Education approached the Office of Education 
with the purpose of undertaking a survey of graduate work 
in engineering on a Nation-wide' basis. 

In view of the importance of the project the Commis- 
sioner of Education approved a plan of cooperative effort 
between the Society and the Office. 

METHOD OF THE SURVEY 

The principal basis of the survey is a comprehensive 
questionnaire which was prepared by the committee on 
graduate work of the Society for the Promotion of Engineer- 
ing Education in cooperation with the Office of Education 
and was Bent out on October 15, 1934, to 155 institutions 
granting degrees in engineering. The engineering schools 
gave prompt response. Of these, 72 were eliminated because 
they did not offer advanced degrees in engineering. The 
survey is, therefore, the result of the analysis of the returns 
of 83 schools that grant the master’s degree in engineering. 
Of these, 34 also grant the doctor’s degree in engineering. 
The institutions which are tho basis of the survey are as 
follows: ** 

4 

1. Uijiversity of Alabama, University. 

*2. ®nlver8ity of Arizona, Tucson. 

3, University of Arkansas, Fayetteville. 


1 Institutions starred offer work leading to the doctorate In engineering. 
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Stanford University, Stanford University, Calif. 

University of California, Berkeley. 

California Institute of Technology, Pasadena. 

University of Colorado, Boulder. 

Colorado School of Mines, Golden. 

Yale University, New Haven, Conn. 

University of Delaware, Newark. 

Catholic University of America, Washington, D. C. 
University of Florida, Gainesville. . 

Georgia School of Technology, Atlanta'. 

University of Idaho, Moscow. 

University of Illinois, Urbana. 

Armour Institute of Technology, Chicago, 111. 

Purdue University, Lafayette, Ind. 

State Univereitsf*of Iowa, Iowa City. 

Iowa State College, Ames. 

U diversity of Kansas, Lawrence. 

Kansas State College, Manhattan. ' 

University of Louisville, Louisville, Ky. 

University of Kentucky, Lexington. 

Louisiana State University, Baton Rouge. 

Tulane University of Louisiana, New Orleans, La. 
University of Maine, Orono.' 

Johns Hopkins University, Baltimore, Md. • 

Worcester Polytechnic Institute, Worcester, Mass 
Massachusetts Institute of Technology, Cambridge. 
Harvard University, Cambridge, Mass. 

University of Michigan, Ann Arbor. 

Michigan State College, Lansing. q 

Michigan College of Mining and Technology,- Heughton. 
Detroit Institute of Technology, Detroit, Mich. 

University of Minnesota, Minneapolis: 

University of Minnesota School of Mines and Metallurgy 
Minneapolis. J ’ 

Missouri School of Mines and Metallurgy, Rolla. 

University of Missouri, Columbia. * 

Montana State College, Bozeman. 

Montana School of Mines, Butte. 

University of Nebraska, Lincoln. 

University of Nevada, Reno. 

Stevens Institute of Technology, Hoboken, N. J. 

Rutgers University, New Brunswick, N. J. 

Princeton University, Princeton, N. J. 

Syracuse University, Syracuse, N. Y. 

University of Rochester, Rochester, N. Y. 

Rensselaer Polytechnic Institute, Troy,'N. Y. ‘ 

College of the City of New York, New York * 

New York University, New York. % 

Clarkson College of Technology, Potsdam, N. Y 
Cornell University, Ithaca, N. Y. 
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*53. Columbia University, New York, N. Y. 

*54. rolytechnic Institute of Brooklyn, Brooklyn, N. Y. 

55. University of North Carolina, Chapel Hill. '< 

56. North Carolina State College, Raleigh". 

57. University of North Dakota, University. 

*58. Ohio State University, Columbus. 

*59. University of Cincinnati, Cincinnati, Ohio. 

60. Case School of Applied Science, Cleveland, Ohio 

61. Oklahoma A. A M. College, Stillwater. 

62. University of Oklahoma, Norman. 

63. Oregon State College, Corvallis. 

*64. Pennsylvania 8tate College, State College. 

*65. University of Pennsylvania, Philadelphia. 

*66. University of Pittsburgh, Pittsburgh, Pa. 

67. Lafayette College, Lafayette, Pa. 

*68. Carnegie Institute of Technology, Pittsburgh. Pa. 

69. Bucknell University, Lewisburg, Pa. 

70. Brown University, Providence, R. I. 

71. South Dakota State College, Brookings. 

72. University of Tennessee, Knoxville. 

73. A. A M. College of Texas, College Station, 

74. Texas Technological College, Lubbock. 

75. University of Texas, Austin. 

76. Rice Institute, Houston, Tex. 

77. University of Utah, Salt Lake City. 

78. University of Virginia, Charlottesville. 

79. Virginia Polytechnic Institute, Blacksburg. 

80. University of Washington, Seattle. 

81. Washington State College, Pullman. 

*82. West Virginia University, Morgantown. 

*83. University of Wisconsin, Madison. 


XI 


From, one of the schools listed only partial information 
was returned so that the full report rests primarily on the 
data from 82 schools. 

In the preparation of the text and in partially tabulating 
the returns of the questionnaires the Office of Education is 
vety greatly indebted to Prof. H. P. Hammond, chairman of 
the committee on graduate study of the Society for the 
Promotion of Engineering Education, who prepared chapters 
1,11, IV, VI, IX, and X. Chapters III, V, VII, VIII, and 
XI were lately prepared by the Office. Professor Hammond 
was also of great assistance in making essential revisions and 
in unifying the entire text from the standpoint of the profes- 

mi/ Am PP ™ aC , h ° f the « n & ineer and engineering educator. 
IHe Office is also appreciative of the assistance rendered by 
'of. Carlton E. Tucker, of Massachusetts Institute of 
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Technology, who wrote the section on examination methods 
in chapter VIII. It is likewise thankful to George B. 
Thomas, personnel director, Bell Telephone laboratories, 
for the special contribution, Chapter XII, entitled “Industry 
and the Graduate of Advanced Courses." Chapter XIII is 
■an interpretation of the results of the survey and was pre- 
pared by the committee on graduate study of the Society for 
the Promotion of Engineering Education. 

To facilitate reference to the questionnaire which is found 
in the appendix, the number of each question that is basic 
to a particular chapter is found in the footnote at the begin- 
ning of each chapter. Owing to lack of returns, no answ-ers 

are found for questions 13 and 16. 

* 

INTRODUCTORY STATEMENT BY- THE COMMITTEE ON 

GRADUATE WORK OF THE SOCIETY FOR THE PROMO- 
TION OF ENGINEERING EDUCATION 

In recognition of the increasingly important, even vital, 
t place that graduate work is rapidly assuming, a special com- 
mittee of the Society for the Promotion of Engineering 
Education was appointed in 1931 to consider .this phase of 
engineering education and the problems incident thereto. 
iThis committee, under the chairmanship of Dean Dexter S. 
Kimball of Cornell University, devoted a year to the study 
of general principles and policies relating to graduate study 
in engineering and rendered a report as a result of its delib- 
erations at the annual meeting of the Society in June 1932. 
This report concluded with the recommendation that con- 
sideration be given to the making of a comprehensive survey 
of the status and trends in the field of graduate ins truction. 
The present survey apd report are the outcome of that 
recommendation. 

Upon taking up its work, the new committee charged 
. with the conduct of the survey sought mfeans by which it 
might bfe conducted, and invited the United States Office of 
Education to cooperate by gathering comprehensive data 
relating to'groduate work in engineering colleges and by 
publishing a summary of the information so obtained. The 
committee, as iter share of the project, undertook to prepare 
an-accompanying report analyzing and interpreting the data 
and giving conclusions and recommendations. It may be 
remarked at this point that these two parts of the under- 
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taking, originally conceived as fairly distinct and separate, 
have largely merged as the project has developed and as the 
present report has been prepared. 

The committee’s invitation was cordially received bv 
Dr. George F. Zook, then Commissioner of Education, and 
by members of the staff of the Office of Education, and the 
project was launched in accordance with the general plan 
mentioned above. It has now been brought to successful 
completion as marked by the appearance of this report 
The committee on behalf of the Society for the Promotion 
of Engineering Education acknowledges with appreciation 
and gratitude this latest evidence of a continued policy of 
generous cooperation which has led the Office of Education 
to undertake an important, in fact indispensable, share in 
several of its major undertakings, including the biennial 
compilation of statistics on enrollment, begun in 1923; the 
study of engineering curricula, made as a part of the com- 
prehensive investigation of engineering education which the 
Society condueted-from 1924 to 1929, inclusive; and the 
special supplementary survey of engineering education, made 
m 1 93 1 . The present survey , begun under Dr. Zook ’s Com- 
nussionership, has been continued and completed under that 
of Dr. J. W. Studebaker, to whom, as well as to Dr. Bess 
Goodykoontz, Assistant Commissioner of Education, to Dr 
Fred J. Kelly, chief of the Division of Higher Education 
and especially to Dr. Walton C. John, senior specialist in ' 
higher education, grateful acknowledgment is made of the 
obligation of the Society for carrying to completion a project 
that is believed to be of the highest value to engineerine 
education at large. v “ 

The Committee on Graduate - Study, Society for the 
Promotion of Engineering Education, 

T. R. Ago, 

Edward Bennett, 

DextBIr S. Kimball, 

Parke R. Kolbe, 

'Shorn dike Saville, • 

George B. Thomas, 

v Carlton E. Tucker, 

. •> s S* P» HammonP, Chairman . 

April 2 , 1936\ 
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GRADUATE WORK IN ENGINEERING IN 
UNIVERSITIES AND COLLEGES IN THE 
UNITED STATES 

CHAPTER I: DEVELOPMENT OF GRADUATE WORK 
IN ENGINEERING IN THE UNITED STATES 

HISTORICAL 

S O FAR as can be learned tbe first earned degree in 
engineering that we should now call an advanced 
degree was awarded by Yale University in 1873. It is 
an interesting fact that this was not the master’s degree, 
but the degree of doctor of philosophy and it is worth 
recording in the annals of engineering education that this 
first engineering doctorate was conferred on Augustus Jay 
DuBois, Ph. B., Yale University (1869); C. E., Yale Uni- 
versity (1870). The doctoral dissertation was "Strains in 
'Framed Structures.” This work was published by the 
House of Wiley in 1875. Dr. DuBois later became professor 
of civil engineering in the Sheffield Scientific School of Yale 
University, a post he occupied for many years. 

The second institution to award an advanced degree for 
work in engineering was the School of Mines of Columbia 
University. This degree, also Ph. D., was conferred on 
Ellwyn Waller, A. B. (1867) and A. M. (1869), Harvard 
University, E, M. (1871) Columbia University. Dr. Waller’s 
dissertation was on disinfection and disinfectants as applied 
to mining operations. 

Apparently it was not until more than 20 yeare later that 
another institution awarded an earned doctorate in engineer- 
ing, Cornell University, in 1896. 

The first master’s degree in engineering appears to have 
been awarded by Iowa State College of Agriculture and the 
Mechanic Arts in 1879. 

Although some graduate work in engineering has been 
done for more than 60 years, only 6 institutions in the 
entire country, so far as has been learned in the course of 
this survey, conferred advanced degrees prior to 1890. At 
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about the turn of the century, however, the offering of work 
beyond the baccalaureate began to spread rapidly. By 1920 
at least 40 institutions had conferred master’s degrees and 
1 1 had conferred doctor’s degrees. These figures are prob- 
ably incomplete since not all colleges are able to state the 
year in which their first advanced degrees were conferred. 

The most rapid expansion of graduate work has, taken 
place since 1920, when the need of industry for men of more 
advanced scientific and technological preparation began 
seriously to be felt, and when the colleges, following the era 
oft most rapid expansion in numbers and facilities, had con- 
solidated their positions somewhat and began to push for- 
ward into the field of advanced work. Contrary to what 
has often been said, the effects of the depression have not 
been to cause an increase in graduate enrollments in engineer- 
ing education as a whole, though they have probably con- 
tributed to the spread of enrollments among institutions 
In the 10 years from 1920 to 1930, 21 additional colleges 
began to offer work for the master’s degree, and 10 were 
added to the number offering work for the doctorate. In 
the half-decade since 1930 this rate of expansion has been 
maintained; 10 additional colleges have begun to offer work 
for the master’s degree, and 7 have added' programs for the 
doctor’s degree. Nearly as many institutions have inaugu- 
rated programs of advanced work since 1920 as had done 

so in all the previous history of engineering education in this 
country. 

Although approximately 40 institutions were offering 
graduate work in 1920, such work had not really begun to 
assume a position of great magnitude in engineering educa- 

tIOn *ii the year 1921-22 tliere wer e but 368 students 
enrolled m graduate courses and but 178 advanced degrees 

were awarded. There were fewer candidates for master’s 
degrees 15 years ago than there are for doctor’s degrees now. 

The following tabulation shows the growth of graduate 
enrollments since 1921-22: 


DEVELOPMENT 


3 



1921-22 

1925-26. 

1930- 31. 

1931- 32. 
1933-34. 


368 178 

1.014 267 

2,939 418 

3, 961 1, 002 

2, 756 1, 197 


It is to be nojed that the figures for enrollments and grad- 
uations up to and including 1931-32 included all enrollments 
and advanced degrees in many of the engineering schools 
and collegeSHhat supplied the figures; they included, there- 
fore, an unknown number of enrollments and degrees in 
certain non engineering fields of work that are offered by some 
engineering colleges, such as chemistry, metallurgy, geology 
architecture, biology, and public health and in one or two 
instances business administration. The figures for 1933-34 
omit all enrollments and graduations except those strictly 
within the field of engineering proper. Apparently, while 
there has been a fairly large decrease in enrollments since 
the peak year of 1931-32, the decrease has not been nearly 
as large as the table indicates. 

It may be noted also that number of degrees conferred is 
a better index of magnitude and growth than is number of 
enrollments, because the number of degrees conferred gives 
a suitable weighting to numbers of part-time students where 
gross numbers of enrollments does not. The number of 
degrees conferred has increased without interruption for the 
past 12 years. 

Another significant index of the growth in relative magni- 
tude of graduate work in recent years is the fact that in 
1925-26 the ratio of the number of graduate students to the 
number of seniors of the previous year was approximately 
1 to 9, while in 1933-34 the ratio was 1 to 4.8. 1 

Until 1912 all graduate work in engineering appears to 
have been offered on the customary all-residence plan. In 
that year Carnegie Institute of Technology offered the first 
program of part-time work in evening hours. Shortly there- 

miuirVto a° f dm ** *° wnterwl to i«W4 .ppcoxl- 
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• after Union College began offering special part-time graduate 
courses for engineers employed by the General Electric Co. 
In 1919 Massachusetts Institute of Technology inaugurated 
its cooperative course in electrical engineering, and followed 
in 1920 with the establishment of its Practice School of 
Chemical Engineering. Massachusetts Institute of Tech- 
nology has also offered a cooperative course in railroad 
engineering and is about to embark upon a simil ar program 
yin mechanical engineering. Wisconsin first offered extra- 
mural graduate work in metallurgical engineering in 1924 
for graduates employed by metallurgical industries in Mil- 
waukee, and inaugurated a similar program in electrical 
engineering in 1 925. The Polytechnic Institute of Brooklyn 
established the first curriculum in its present extensive eve- 
ning program of graduate work in 1925. The University of 
Pittsburgh and the Westinghouse Electric 6c Manufacturing 
Co. inaugurated their cooperative arrangement of graduate 
work in 1927. In the same year the University of Cincinnati 
extended its program of cooperative engineering education 
into the graduate field. During the past 5 years several 
other institutions have established various types of part- 
time programs of graduate work, as will be mentioned more 
fully in a later section of this report. 

The last 2 decades, during whi?h the most rapid develop- 
ment and many of the most important changes in graduate 
work in engineering have taken place, have been marked 
by growth in enrollments, by expansion of gtoduate work 
into special professional and technical fields, by inauguration 
of new types of programs, and by a general increase in 
diversification of the entire program of advanced study in 
American engineering colleges. Not the least significant 
aspect of this development has been the offering of graduate 
programs on the cooperative plan and the provision of 
opportunities for advanced study to employed graduates, 
thus providing, in certain localities, means by which the 
young engineer can continue his formal education during the 
period of his professional apprenticeship. This is a significant 
step in the relationship of engineering education to the pro- 
fession at large, and emphasizes the importance of The pro- 
grams of postacademic professional training that are being 
advocated and promoted by the Engineers' Council for 
Professional Development. , t 


CHAPTER II: PRESENT STATUS OF GRADUATE 
WORK IN ENGINEERING 1 

INSTITUTIONS OFFERING GRADUATE WORK 

AT THE present time 83 out of a total of 155 institu- 
/“Y ti ° n ? “ the countl T tk&t offer work in engineering 
leading to baccalaureate degrees provide programs of 
graduate study. While the number of institutions offering 
advanced work is not greatly different from that in 1925, 
enrollments in many of these institutions have materially 
increased during the past 10 years. Furthermore, in 1925 
graduate work in engineering was limited almost exclusively 
< to programs leading to the master’s degree. Enrollments 
were concentrated laigely in but 10 institutions. While 
there is still considerable concentration of students in a 
small proportion of the institutions (two-thirds of all grad- 
uate students of engineering are enrolled in but 10 insti- 
tutions), the spread of enrollments is increasing rapidly. 

Work for the doctorate is more limited in its spread among 
the colleges than is work for the master’s degree. Never- 
theless, 34 institutions offered Buch work in 1933-34, and 
doctoral candidates were enrolled in 27 of these. Four 
institutions alone, however, conferred more than half of all 
doctorates in engineering in that year. 

-ENROLLMENTS AND DEGREES CONFERRED 

* 

A summary of enrollments apd of advanced degrees con- 
ferred in 1933-34 is given in table 1. 

The total number of candidates for the master’s degree 
was 2,301, as compared with 455 for the doctor's degree. 
While there has been a decrease in number of candidates 
for the master’s degree since 1931-32, the number of candi- 
dates for th e doctor’s degree has continued to increase. 

• Baaed on queatiqna 1, 2, and 3 of the quaatlonnaire. Bm appendix. 
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8 GRADUATE WORK IN ENGINEERING 

Contrary to what might have been expected fewer fields 
of work are offered for advanced degrees, at least as shown 
by catalog designation; than there are for first degrees (38 
compared with 79). While 38 fields of work are offered for 
the master’s degree, students are enroUedJn but 24 of them 
as shown in table 1 . 

The distribution of enrollments, by fields of work, for the 
master’s degree differs appreciably from that for the bache- 
lor's degree. The ratio of number of candidates for master's 
degrees in 1933-34 to number of seniors of the preceding 
year in some of the major engineering curricula is as follows: 
Metallurgical engineering, 1 : 2.05; Aeronautical engineering, 
1:3.9; Electrical engineering, 1:4.4; Chemical engineering, 

1 : 5.4 ; Civil engineering, 1 : 6.2 ; Mining engineering, 1 : 6.3 ; * 
Mechanical engineering, 1 : 6.6 ; average, all curricula, 1 : 5.75. 

Enrollments for the doctor’s degree differ among depart- 
ments even more strikingly than do enrollments for the 
master’s degrees. It will be noted from tdbWthat chemical 
engineering occupies a position of much greater relative 
importance in this field, and that it is far in the lead in 
number of doctor’s degrees conferred; more doctorates were 
conferred in chemical engineering in 1933-34 than there 
were in any other two fields combined. A majority of these 
degrees were conferred by two institutions alone — University’ 
of Michigan and Columbia University. If the doctorates 
in chemical engineering conferred by these two institutions 
were to be deducted from the total of all engineering doc- 
torates, the picture as to the magnitude of the higher phases 
of advanced work in engineering would be quite a different 
one. . . 

It is of some significance to note the relationship of part- 
time enrollments of various kinds to full-time enrollments, 
the number of part-time students being about three-eighths 
the number of all graduate students and the proportion of 
cooperative and evening studenfc being about one-sixth of ^ 
the total. These ratios &re not nearly as large as they were 
5 years: ago because of a marked decrease in enrollments in 
some of the special types of graduate programs. 
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PRESENT STATUS 

COMPARISON WITH OTHER SCIENCE DIVISIONS 

No means are available for determining the relative position 
of work for the master’s degree in engineering with similar 
work in other fields of science. The relative standing of 
work for the doctorate may be judged, however, by compari- 
son of the number of degrees conferred in various branches 
of science. Until 1928 fewer than 10 doctorates were con- 
ferred in engineering per year; it was far down the list of the 
sciences in this regard. By 1930 engineering had risen to 
eighth place. In 1933 it stood seventh; and in 1934, if the 
figures gathered by this surv.ey be substituted for those of 
the Association of Research Libraries (which has taken over 
the compilations formerly made by the National Research 
Council), engineering is in second place with 126 degrees 
being exceeded only by chemistry, which is far in the lead 
of all other branches of science with 590 degrees. Phvsics 
is third in the list with 121. 


"CHAPTER III. ADMINISTRATION OF GRADUATE 
WORK IN ENGINEERING 1 

GENERAL ADMINISTRATIVE CONTROL 

C ONSIDERABLE diversity of practice exists among in- 
stitutions in the form of organization under which 
graduate work in engineering is administered. This is 
due both to differences as to type of institutions and as to the 
nature of the graduate programs themselves. The form of 
organization often differs, for example, between universities 
and polytechnic institutes, and between those offering die 
customary all-residence programs and those offering part- 
. time or cooperative programs. 

In a considerable majority of institutions work for both the 
master’s degree and the doctor’s degree is administered by’ 
the same individual, group or school ; in a few institutions the 
two programs are administered by different agencies, for 
example, J>y the dean of engineering in the case of work for 
the master’s degree, and by the dean of the graduate school 
in the casd of work for the doctor’s degree. 

In those institutions where the master’s decree in engineer- 
ing is conferred but the doctor’s degree is-ndt, it is found that 
in 15 cases control rests in the graduate school while in 12 
cases it is in the college of engineering. In 6 other cases it is 
under groups that may be considered as joint agencies of th$ 
entire college or institution, such as special committees rep- 
resenting the entire college, the registrar, or a special com- 
mittee on advanced degrees. In cases where control is 
exercised by the graduate faculty or graduate school the 
engineering faculty is represented on the faculty or in the 
school. 

Considering all cases of work for the master’s degree, 
whether or not work for the doctorate is also offered, with the 
exception of the 6 cases last-named, in 30 institutions the 
control of work for, this degree is under die graduate school 
. and in 30 institutions it is under the college or division of 

* Based on qaeittoos 4 and 16 of tbe questionnaire. See appendix. 
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ADMINISTRATION ' 1 1 

engineering. Among the latter group are included those 
institutions which offer.no work except engineering and the 
closely related fields of physical science, i. e., the separately 
organized polytechnic institutes, the schools of mines, and 
the like. 

Work done for the doctor's degree is found to be under the 
control of the graduate school in 20 instances and under the 
college of engineering in 11 instances. 

OFFICIAIy'lN RESPONSIBLE CHARGE 

The official in responsible administrative authority over 
graduate work in engineering also differs considerably among 
institutions as shown by the following tabulation, which 
reflects not only differences in type of institution and of 
program of work but also the influence of individuals and of 
traditional form of organization. 


Table 2 * 

individual or group 

• (a) Institutions offering work for the master's degree only 

Dean frf graduate study or school 

Chairman of Committee 

Dean of Engineering 

Dean of engineering and chairman of committee 

Head of department. __ 

Dean of graduate school and dean of engineering, jointly.. 
Special faculty adviser 


Number 
of cam 


15f 

12 

8 

4 

3 

3 

1 


(6) Institutions offering work for both doctor's and master's 

degrees 

Dean of graduate study or school ® . . 

Chairman of committee %_ 

Dean of engineering ' , 

Head of department or major professor 2 

Joint supervision, as by dean of graduate school and dean of 
engineering. . 

Instances where different individual is in control of master’s 

work and of doctor's work * 

. - * 8 


NATURE OF DEPARTMENTAL ORGANIZATION ' 

• ** * , . / 

Graduate work and Undergraduate work in engineering 
usually come under thermo; departmental oiganization. 
Although some answers to this part of the inquiry ve not 

5 1 — A 1 .-),. _ * ' j ‘ . V 


* - - 


w# 
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GRADUATE WORK IN ENGINEERING 


altogether clear this appears to be true for at least 77 of the' 
82 institutions under consideration. This does not imply 
that there are not different methods of- control exerted over 
the departments as to the conduct of both graduate and 
undergraduate work in engines^. The following illus- 
trates various practices: 

crr/ ( lnl i r^? Ca }^ orn ^ 1 -— There are no colleges in the 

graduate school, rather — several departments of engineering 
l. e., department of C. E., department of E. E. etc. Eae^i 

fh P ^ rt f m ^ D ^ 13 re P resent fd ^ an adviser who’ administers 
the details m regard to the work of the graduate students in 
cooperation with the dean of the graduate division 

‘‘rrnjs 

Fa/e University. There is a director of graduate studies 
in each department. He is responsible to the dean of the 
graduate school for the M. S. and Ph. D. degrees and to the 
dean of engineering for the higher degrees in engineering 

University of Illinois .— Nominally there is no departmental 
(°r gfaduate work which is supposed to be 
conducted by individual professors authorized and controlled 
by the graduate school. Actually, course offering m-e «Kt«r- 
niined yearly by departments, except that new ones re a u ire 
authorization by the graduate sctnSol. q 

^ University of Iowa .— The heads of departments are 
advisers in cooperation with the dean of theTcoUe^^f 
engineering. General procedures are determined bv^ th«~ 
graduate faculty of the university* ^ 

is ft Un^rzity* Graduate work in engineering 

w under the direction of the advisory board of the fehooTS 

H W ^n . J mad6 , UP °i & preheat of Ae lS- 

^Xof^oXhT 11069 ' &nd C6rtam profe8sore from the 

ssr 5 ?^ 

b^e 

^r^rk t iSs majotfieid8 ' 
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degrees^^ro^'^ difference in'detmrt ^ ? r e< l<uvalent 
between undergraduate and graduf te P TO™“ FVj?I^? ZSt , ion 

the work is under the dcAn rtf j \ r or doctorates, 

appoints a special committee fnr 6 & r * duate faculties, who 
With the deplZenrS ' TJStSt 

r'^du.te werk depart- 
school. In eiXatT„r!rt i„ dean . of , the peering 
directly With the dean of the ^X^^^The^ 1 ' 01 ) 
engineering acts in an adriso^ capacity ^ The de “ of 

as aX^S^ no7^ W ° rk °i *• ^u.te school 

but also according to divisions Uh^^i 0 - d f partme nts 
departments.* ^visions, each of which includes allied 

WORK IN ENGINEERi'nO ST ?0 TI OTHER F GRAdS^E 

sectal^XTg^^ 

uate work m fields of science closely related^™ 8 ^‘ 

control Some replies indicate the degree of coordination ~ 
of correlation which it is aimed to ZL 

. a ztxrri “• £s*“- “* - 

schXff* am ^^Kie?c^T^ml^reid 16 7 ork “ the 

by the graduate council of the grriuAtJ^h^P ® upervised 
sciences. 'Engineering ° f “* ** d 

ments are^doady related *? “I 6110 * depart- 
the re^^menmjorldvrX^tv 0 : CSSKfiJ 1 
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GRADUATE WORK IN ENGINEERING 


on those set up in the school of higher studies for the degrees 
of master of arts and Ph. D. Intimate relations are main- 
tamed with the school of higher studies through representa- 
tives on the boards of each school from the faculty of the 
other. All full professors of the school of engineering are 
members of the board of university studies — a large 
board of 71 members which makes the arrangements for 
instruction of advanced students and for the examina- 
tions for the Ph. D. and M. A. degrees. Several members of 
the board of university studies are also members of the 
advisory board of the school of engineering. 

Candidates for the degree of doctor of engineering usually 
elect as subordinate subjects courses in chemistry, mathe- 
matics, and physics. The dissertations for candidates for 
the Ph. D. degree are subject to two referees — one in engi- 
neering and one in a cognate science. 

Massachusetts Institute of Technology . — Graduate work in 
the department of science is organized similarly to that in 
engineering. Both schools report to the faculty through the 
committee on the graduate school. The schools of architec- 
ture, science, and engineering function as a unit in the gradu- 
ate school under its dean. 

Columbia University . — For the master’s degree there is 
the closest cooperation between the engineering and science 
departments. For the dootorates the administration and /or 
supervision of engineering and science degrees is identical. 

University of Cincinnati— There is complete coordination < 
of work m engineering with that of science and other related 
departments. Those majoring in engineering can minor or 
take courses in science and mathematics. Those majoring 
in chemistry, etc., may minor or take courses in engineering. 

University of Pennsylvania. Moore School of Electrical 
Engineering . — Graduate students may elect, and all candi- 
dates fdr the doctor’s degree do elect graduate courses in 
physics and/or chemistry. There is cooperation but no 
formal relationship between administration and supervision 
of graduate work m electrical engineering and that in other 
sciences. 

University of Pittsburgh— The relationship is, informal." 
lLach department head is in responsible charge of the work 
of his department and deals directly with heads of science and 
other allied departments. 
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MOST DESIRABLE FORM OF ADMINISTRATIVE 1 avtt\ 

srr““™ ° f graduate work in 

^ ex “ pfcion f the re P lie3 to the question inquiring 

wh£h ° D 101)10 named above faU in three categories 

which are named in order of the number of their proponents 

Comparison of replies with statements of form of o^aniza- 
^ j nsdtutioa indicates a strong tendency to 

SMttuwasaA! 

some of tfiA o* * 11 ^ P ^ ^ recommend 0ci bv 

the yUS 5 EhJffii£ SmaU un,veraitiea “” d bv some & 

*Jtir} n ' 5 ca f es /i , is recommended that graduate work in 

^dependent of ether forme of 

herewUtf? 63 °' each of the recommended am given 

CONTROL BY ORADUATE SCHOOL 

. ar ® satisfied to have our graduate work in nnmnnnr 

mg under the dean of the graduate school ‘ iw 

rthT^y^e^™ 8 8bould be left p™^y 
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ancU^o has the general eupervieion of the deLn oT^ 
of 3 en^e^ S 8 ”™ ^ nds to h ^ m “* college 
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4. We consider some centralization of administration and 
supervision of graduate work necessaiy even in an institu- 
tion of such diverse activities as ours, and feel that by con- 
siderable utilization of the Committee on which the several 
schools are represented we secure adequate adaptation to 
the differences in programs and objectives. 

5. Success in an institution of this kind depends on the 
active cooperation of the faculty. This cooperation can 
only be assured if the graduate school has a separate budget 
and if the faculty serving the school receive at least part of 
the remuneration for their graduate work and consequently 
are responsible to the graduate school administration. 


CONTROL BY COMMITTEE 

1. Where the number of graduate students is small a 
commi ttee on graduate instruction is most desirable. Where 
numbers are large there should be a dean of graduate 
students. 


2 Administration of graduate work by a dean of graduate 
study who is chairman of an executive committee from the 
general faculty and immediate supervision by the engineer- 
ing department has worked out very well and is believed 
desirable for similar institutions where the faculty is prac- 
lcally the same for graduate and undergraduate work. 

3. A representative graduate committee seems to be the 
best way to direct and control graduate work. Such a com- 
mittee covers all of the fields of the institution and helps 
correlate the entire graduate work; that is, the standards of 
the various colleges are consistent in their requirements. 


INDEPENDENT OR OTHER FORMS OF CONTROL 


1. It is believed that graduate work leading to the 
equivalent of a master’s degree is well administered under 
the engineering school. For . thq .doctor's degree, if given, 
it would seem hotter to have the students come under the 
dean of the graduate school. 


2 ; Ifc , “ believed that some slight improvement might be 
realnsed in the doctorate work 2 such were directly under 
the faculty of engineering. 


3. Experience here has shown that graduate work in 
engineering and commerce should be under the faculty of 
the college of engineering and commerce with special com- 
mittees, just as is the practice in the undergraduate work. 

4. We consider the departmental organization such as is 
in vogue at Harvard and the University of Chicago superior 
to the usual graduate school having a faculty mad<T up 
largely of men* earned on budgets of independent schools. 


rtATION 

conirS) wE^,pSS n i eoid SC H 17 ^“^ooi 
can be visuali^ThT^^tio^ruW^: Sffi 

relaKS^r^woS^. ®" ^ “ U< * 8 
GRADUATE mRK sZ^^T G D ™ THE 

The following 21 institutions indicate that they offer 
graduate courses in engineering during the summer- 

£££2£5r University of Nebraska. 

University of Mnot olT / r ?”* 

Iowa State College ?r , 8tate u ^versity. 

State University Iowa. C^M^t ^.p 110 * 111141 '* 

Kansas State CoUege Unlv^^'S** ° f Technology - 

University of Maine. &>uth n l °! 

M ^C Uflettfl bmUtUte ° f TeCh ‘ Univer8ity of Tennessee^' 

University of Michigan. VirrinteP 2“? .° f T Texaa - 

University of Minnesota. We £ - 

In a few instances graduate work is permitted djuring the 
summer under special circumstances such as (!) by special 
requaet; (2) when the profeaeoris in residence and A * 
supemse the work; (3) when students wish to u^laW 
tones for research wort on theses; and similar cases 
fifteen of the twenty-one institutions listed renort 
enrollments wtheirgraduats programs in engineering during 
the summer of 19357 These included a totalof so! cS 

eZtnr 7 * 8ma11 ““mber in comparison with similar 

— te “ 86Ve f °f her diTisi0D9 ot “S' 181 - education. 
The total number o graduate courses in engineering offered 

vA 79. TKSse included a considerable-number of courses 

having the same designations as undergraduate courses 

“ water su PP‘y masoniy and foundations; a great 

ZSLw 9 ® 8 ’ “1 flome L s P ecial tm* of work provide? for 

oM^dr. ^ rma °? ? ’ 8UCh “ th ° M in nver ^ hydraulics, theoiy 
of hydraulic models, special coumes in mechanics, etc 

.0 summ arise, it may be said that graduate work in 

sZTT h “ ““ 8 P ,8ce of im^rS “ 

summer terms m a very few institutions only and that it 
education°°™ ^ “ ““ e™ 6 ™ 1 picture ot ^^4 
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COOPERATION AMONG INSTITUTIONS 

I 

Twelve of the institutions on our list indicate that they 
have cooperative arrangements with other institutions for 
the interchange of facilities or credits in graduate work, as 
outlined in the following statements: 

University of Pittsburgh . — Faculty members of neighboring 
institutions may take graduate work at half cost. 

Case School of Applied Science. — Services are interchanged 
with Western Reserve University. The use of this plan is 
limited and occasional. The student registers in one insti- 
tution only; the latter approves any elections in the other 
school ana accepts its record for credit. 

Ohio State University. — Cooperative arrangements exist 
with Ohio University and Miami University, which are 
represented on the graduate council of Ohio State University. 
Part-time assistants connected with the instructional staff of 
Ohio University and Miami University may pursue work at 
thes&jn$titutions, subject to supervision by the graduate 
council of Ohio State University, and receive degrees from 
the latter institution. 

University of Pennsylvania — Moore School of Electrical 
Engineering. — The director of the Bartol Research Founda- 
tion of the Franklin Institute is a member of the Moore. 
School staff. Doctor’s theses may be done at the Bartol 
Research Foundation on approval of the director. The 
arrangement has been successful as well as beneficial to the 
Moore School. * 

Oregon State College. — All credits are interchangeable 
within the Oregon State system of higher education. 

Polytechnic Institute of Brooklyn , Columbia University , New 
York University , and Stevens Institute of Technology. — For 
members of the teaching staff of these four institutions in 
the metropolitan area of New York there is an informal 
arrangement for the interchange of credit for advanced 
study. Several individuals already have taken advantage 
of this plan, which avoids competition in certain specialized 
fields. 

Syracuse University. — Up to 1034, this institution has 
accepted up to 6 hours of credit for the master’s degree from 
certain other engineering schools, and Syracuse students 
could be assigned to do from two-fifths to one-half of their 
master’s work at one of these institutions. Students who * 
have not graduated from Syracuse are expected to complete 
a minimum of 30 hours at Syracuse. „ 
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P ROBABLY in no other respect has the advent of 
graduate work in engineering had more important 
effects than in relation to the teaching stuff. Informa- 
tion furnished by the survey bearing upon this matter is 
considered from three standpoints: Problems of administra- 
tion, recruitment and training of younger teachers, and the 
elevation of standards of instruction. 

PROBLEMS OF ADMINISTRATION 

Adjustment oj teaching loads . — Practice in this connection 
differs considerably. In many institutions the load of 
graduate instruction has been added to the previously 
existing load of undergraduate instruction, which was 
already heavy in comparison wi& other divisions of higher 
education. 2 The cause of this has been the necessity, in 
many institutions, of adding graduate work to the under- 
graduate programs already offered without making any 
additions to the teaching staffs. In one or two institutions 
relief of this situation is planned, but has not been carried 
into effect due to financial limitations. In most institutions 
where additional staff has been provided to take care of the 
increased load, hours of graduate and of undergraduate 
instruction have been given equal weight, though there are 
one or two important exceptions to this practice. Com- 
menting in this connection administrative officers of colleges 
that supplied information mention that graduate instruc- 
tion is carried for the most part by the senior members of 
the staff whose previously lighter schedules could be in- 
creased most readily. One correspondent remarks that the 
older teachers whose schedules were lighter than average 
so as to give opportunity for study, writing, and research, 
have now taken on graduate work. Several institutions 
report that teachers assigned to graduate work have been 


■ Busd on question 5 of the questionnaire. ()<• appendix. 

• 8m Bulletin No. 4 of tbe Investigation of Enpooerln* * Education. 
Uon of Engineering Education. ' 
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GRADUATE WORK IN ENGINEERING 
RECRUITMENT AND TRAINING OF TEACHERS 

It is evident from statements of fact and of policy sub- 
mitted by engineering schools and colleges that a marked 
change of attitude is taking place toward the extent and 
nature of training demanded of candidates for teaching 
positions. Approximately five-eighths of all institutions 
which reported on the subject state that they either require 
the holding of the master’s degree as a minimum or that 
they give great weight to it in choosing new men. The 
holding of an advanced degree is an absolute requirement 
in 23 of 81 institutions reporting; 8 others virtually make 
the same requirement without having a fixed rule; and 5 
others mqjte it as a definite requirement for advancement to 
posts beyond that of instructor. Replies to questions in 
this connection indicate that the weight given to the holding 
of advanced degrees is just about equal to that given to 
practical experience — the latter being, of course, in relation 
to instructorships in engineering subjects. Only a small 
minority of institutions report that little or no Weight is 
given to possession of advanced degrees. 

In a few institutions the attempt is made to require all 
those appointed to full professorships to hold the doctor’s 
degree. Information is not available to indicate how com- 
pletely this rule is enforced as to members of the engineering 
faculty. • 

Nearly half of all institutions reporting state that they 
have changed their attitude and policy in recent years in the 
matter of requiring newly appointed teachers to hold 
advanced degrees, the change having been in the direction 
of . much greater emphasis on advanced training. The 
present situation is quite different from that of the days 
when practical experience was the sole requisite for appoint- 
ment, except, of course, the holding of the bachelor’s degree, 
and when possession of an advanced degree was so un- 
common as not to be a factor. 

It is quite possible that the change which has occurred in 
this connection is due as much to the fact that candidates 
having advanced degrees are now available as it is to the 
desire to lay down definite prescriptions. Whatever the 
cause, however, possession of an advanced degree has 
become so much an asset among applicants that a recent 
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graduate applying for a teaching post who does not hold 
sucty a degree can scarcely expect to receive consideration 
in a^inajonty of institutions; the most he can look for is 
some form of fellowship under which he can pursue graduate 
work before he can be appointed to a regular instructorship. 

ELEVATION OF STANDARDS OF INSTRUCTION 

Self-advancement of teachers . — For the purpose of the 
improvement of instruction it is the policy of nearly all 
institutions to encourage and systematically to aid their 
younger teachers to continue their academic training 
Nearly three-quarters of the institutions report that they 
have definite plans in this connection. Comparatively few 

of them go so far, however, as to have systematic provisions 
for sabbatical leave. 

Evidence points to the fact that' teachers are availing 
themselves of opportunities for advanced study and that 
they are fully awake to the fact that more extended academic 
trammg is beaming essential to promotion. Among the 
^staffs of 68 colleges reporting, 443 teachers were pursuing 
graduate courses in 1934-35, an average of more than. 6 
teachers per institution, or about 15 percent of the entire 
staffs of those institutions. Among the teachers of 69 
institutions which supplied information, 655 teachers or 
nearly 10 per institution, and about 17 percent of the entire 
faculties, earned advanced degrees during the past 6 years; 
a truly remarkable record, particularly in view of the fact 
that several of the larger institutions are not included in 

this summary because they could not assemble the informa- 
tion. 

The chief means by which teachers have earned degrees 
is through the opportunities afforded by their own institu- 
tion, though a significantly laige fraction of the work has 
been pursued in summer sessions of other institutions 
During the summer of 1934, 15 institutions provided such 
work, the total number of engineering students enrolled 
being 422, of whom 123 were teachers. Nearly two-thirds - 
of ^enrollment was in two institutions: Massachusetts 
Institute of Technology and the Uniyersity of Michigan * 
borne of the most interesting developments in post- 
graduate work have had important connections with these 
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summer sessions: The work in hydraulics under Woodward; 
Mavis, and the late Professor Nagler, at the State University 
of Iowa; photoelasticity under Frocht at Carnegie Institute 
of Technology; theoretical and applied mechanics under 
Timoshenko, Erickson, and others at the University of 
Michigan being conspicuous illustrations of the development 
of distinctive programs around teachers of particular 
qualifications. 

It is in just such ways as these that graduate work is 
probably destined to have its most beneficial effects on 
engineering education in this country; that is, by tending 
to aid in the development of centers of particularflypes of 
advanced work of high quality and of distinctive charac- 
teristics. It is only in the cases of a minority of the engi- 
neering schools of the country that staffs, facilities, and 
resources are such as to provide for comprehensive programs 
of graduate work of high quality in all fields in which under- 
graduate curricula are offered, but many institutions can 
capitalize particular kssets in the way of staff, facilities, and 
location, and provide distinctive programs in special fields. 

Conferring of advanced degrees on members of the institu- 
tion's own staff .— The taking of advanced work in the 
teacher s own institution has intensified a situation that has 
been something of a problem in many institutions, namely, 
4 s the conferring of degrees upon members of the institution’s 
own staff. Two views as to this matter are commonly 
expressed: (1) that there should be no discrimination 
against the institution’s' own teachers and that the school 
should be free to profit by the advanced training of its own 
men; and (2) that restrictions are needed to $iard against 
the danger of questionable practices in degree-conferring. 

The prevalence of various practices in this connection is 
shown by the following statistics: No limitations, 22 in- 
stitutions; advanced degrees limited to assistants and in- 
structors, 38; advanced degrees^ limited to assistants, 
instructors and assistant professors, 12; all except full 
professors eligible, 1; none conferred on any member of 
staff, 2 ; no answer, or no definite policy, 0. 

Several interesting variants on the usual regulations are 
reported. One institution provides that all teachers of 
any rank higher than that of instructor must receive special 
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perraasion fromthe dean of the graduate school to enroll 
for 00 advanced degree. Another permits instructors to 
earn degrees m any field, but will not permit an assistant 
professor to take work in his own department. Another will, 
not permit its own teachers jto take work for the master's 
tZ I 6 ’ f permit them to work for the do“ 
* Wl11 " ot confw a' degree on a member of the 

on other Llehem “h 00 '' bUt ™ •“>"» 


CHAPTER V: GENERAL CHARACTERISTICS OF 
THE PROGRAM OF GRADUATE WORK IN ENGI- 
NEERING 1 


T HIS CHAPTER is concerned with the general nature 
and content of graduate work in engineering and with 
methods of conducting it. Only' those elements that 
are capable of quantitative analysis are included, which 
implies, of course, that some of the most vital aspects of 
graduate work are excluded, because being largely intangible, 
they escape any statistical analysis. 

Specific matters presented herein include the following: 

Proportion of required work in science, engineering, and human- 
istics. 

Place of economics and of economic factors in graduate work. 
Relation of work in course to research. 

Use of the Beminar. A 

Plan of prescribed majors and minors. 

PROPORTION OF MAJOR FIELDS IN GRADUATE 
PROGRAMS 

' \ 

% 

WORK IN SCIENCE, ENOINEEBJNG, AND HUMANISTIC8 REQUIRED FOR 

THE MASTER’S DEOREE 

As the usual requirements for the master’s^^ee seldom 
cover more than 1 academic year of study the tendency of 
engineering schools is; to devote the major share of this 
time to advanced coureSs in engineewe ^ftn'd T SchnicaT'sub- 
jects, although pure science may occupy a considerable por- 
tion of the year’s work. Humanistic subjects also are given 
some recognition in a number of schools, although in at 
least 10 cases these are not recognized as a part of the pro- 
gram for the master’s degree. It is generally expected that 
the necessary humanistic subjects will have been completed 
during the undergraduate period of study. 

According to the information supplied, the three fields, 
advanced engineering, pure science, and humanistic?, are 
recognized as basic for the master’s degree program in 
engineering in 26 institutions, while but two fields, advanced 

• Based oo questions 9 and 7ofth© questionnaire. Set appendix. * 
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engineering and pure science, are recognized in 31 institu- 
tions (in addition to the 26 mentioned). 

According to the accompanying table we find that 18 
schools indicate the amounts for 4he three fields in terms 

and 9 scho ° l3 “ dicate the percentage for two 

+u In ^ he ei J ht schools that do not give the percentage for 
the three fields ^he statements indicate that the main 
emphasis is given to advanced engineering, with minor 
emphasis on ptlre science and mathematics. 

In the schools that do not give the percentages for the 
two fields th^ statements indicate that emphasis is either 
on a balanced program or on advanced engineering. 

Table 3.-PROPORTION OF WORK IN ADVANCED FNPI 
NEERING, PURE SCIENCE, AND HUMANI8TICS 


THREE FIELDS 


Percent In- 


Advanced 

engineering 


32 

33* 

40 
45 

50 
50 

50 - 66 H 

60 
60 
60 

66 * 

6 6 * 
66 * 

- m 

75 
75 

66 

87f»i 


Pure science 


35 

33 * 

50 

45 

- 25+ 
% 25+ 

Minor. 

Port or all. 

30 

0 to 40 
20 

0 to 33* 
Permitted. 
Permitted. 
Permitted. 

15 

0 to 25 


Humanistic^ 


33 

33* 

10 

10 

25+ 
25+ 
Minor. 
Part or nil. 
10 

Oto 40 
20 

Oto 33* 
Permitted. 
Permitted. 
Permitted. 
10 

Oto 25 


33* 

12 * 




TWO FIELD 

s 

50 

50 

50 

50 

f,n* 

06* 

K 

K 

1C 

50 

50 

50 

50 

33* 

33* 

X) * 

X) 

X) 

ft 


o 

ERIC 


28 GRADUATE WORK IN ENGINEERING 

WORK IN SCIENCE, ENGINEERING, AND HUMANISTICS REQUIRED Foff 

THE DOCTOR’S DEOBEE 

Relatively few institutions reported on the distribution of 
courses in the three fields referred to in the programs leading 
to the doctorate. Definite figures were given by 5 institu- 
tions as shown in the following table. These figures repre- 
sent the general tendencies of practice in these institutions. 

Table 4.— PROPORTION OF WORK IN ENGINEERING, PURE 
SCIENCE, AND HUMANISTICS IN PROGRAMS LEADING 
TO THE DOCTORATE IN ENGINEERING 


Institution 

PERCENTAGE 

Engi- 

neering 

Pure 

science 

Human- 

istics 

Colorado School of Mines 

Minnesota School of Mines 

Columbia University 

Johns Hopkins University 

Carnegie Institute of Technology 

45 

50 

50 

mi 

80 

45 

50 

60 

33H 

20 

10 


Other institutions reported these relationships in general 
terms. Both the University of Illinois and Purdue Uni- 
versity offer specialized courses which include a considerable 
contribution from the basic sciences. The correspondent 
for the University of Illinois holds the view that humanistic 
study carried on by the engineering doctoral candidate for ; 
his degree should be self-directed. Cornell University, the 
University of Michigan, Pennsylvania State College, and 
Syracuse University indicate that the relative distribution 
of work in these three fields depends largely on the individual 
case. 

The University of Colorado and Michigan College of 
Mining and Technology indicate that there is a high degree 
of specialization in the^combined fields of engineering and 
pure science. f 

Rensselaer Polytechnic Institute recommends a large 
amount of science. There is less necessity for general 
courses. Iowa State College gives no credit for humanistics 
in the doctoral program. 

New York University in its course leading to the doctorate 
in chemical engineering includes 6 courses in engineering 
and 6 courses in pure science and mathematics, 12 in all for 
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• Ph. D. in addition to the doctoral dissertation. The 
University of Minnesota indicates that when the major is in 
engineering the minor should be in allied lines. 

At Stanford University the program for the doctorate is 
based on original research. 


OP ^OUR8E8 T LErntSJ 5 C 1 q NOMIC8 AND EC °NOMIC FACTORS IN 
COURSES LEADINO TO MASTER’S DEOREE IN ENGINEERING 


,9* ^ he , 82 msUtuti ons which replied to the questionnaire 
15 feel that economics and economic factors are important 
and should have a prominent place in the program for the 
master’s degree in engineering. ‘ The following schools sug- 
gest that economics should be taken as a minor: Iowa State 
CoUege, University of Sputh Dakota, University of Southern 
California, University of Colorado, University of Minpesota, 
University of North Carolina, and the University of Wash- 
ington. The Towne Scientific School of the University 
of Pennsylvania indicates thaj economics and economic 
factors are next m importance to science and technical study 
Economics is recommended as an elective for the master’s 
degree m engineering by Johns Hopkins University, Carnegie 
Institute of Technology, Lafayette CoUege, and Purdue 
Umversi^. At least 24 institutions think that the matter 
depends on the need of the individual. 

The percentage of time suggested for the study of eco- 
nomics and economic factors is indicated by the following 
institutions: University of Florida, about 10 percent: 
University of Idaho, 15 to 20 percent; University of Texas 
20; Polytechnic Institute of Brooklyn, 20; Stanford Uni- 

LT ty ’ H (goring degree); Iowa State CoUege, up to 
. o3#, Catholic University of America, 33#; New York 
University, about 33#, depending on field. 

Quite a few schools approve the combining of economic 
factors with advanced engineering courses, otherwise it is 
generally expected that sufficient economics will have been 
taken in the undergarduate course. 

The University of Utah states that the whole master’s 
program m certain cases could be appropriately devoted to 
economic and social studies. 


* 
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OPINIONS A8 TO THE PLACE OF ECONOMICS AND OF ECONOMIC 
FACTOR8 IN ENGINEERING LEADING TO THE DOCTORATE IN ENGI- 
NEERING 


The following institutions believe that the study of eco- 
nomics and economic factors is of considerable importance 
as a part of the doctoral program in engineering: Rensselaer 
Polytechnic Institute, University of Rochester, and the 
Montana School of Mines. The University of Louisiana 
believes it should be definitely required. Thei University 
of Arizona considers that some work of this type is essential. 
Carnegie Institute of Technology believes that economics 
should be included. 

* On the other hand the State University of Iowa views 
the engineering doctorate primarily as a research degree 
with little time for economics. Iowa State College would 
not recommend the study of economics beyond the master’s 
degree. Massachusetts Institute of Technology does not 
recommend it unless the student has had node in the 
bachelor’s course or unless he needs it in the field of business. 
At the University of Michigan it is considered of minor 
importance for this degree. 

The following schools are oi the opinion that the taking 
of economics is a matter which should be governed by the 
student’s particular needs, the nature of his field, or the 
thesis: Ohio State ‘University, University of Wisconsin, 
Columbia University, New York University, and Rutgers 
University. Purdue University would encourage the study 
of economics but would not require it for the advanced 
work. 

Johns Hopkins University advocates this subject as an 
elective except as included in the formal engineering course. 

The University of Minnesota suggests economics as a 
minor, and the University of Colorado as a second minor. 

The following schools indicate the amount of economics 
that is required for the doctorate in engineering: Catholic 
University of America, and the University of Arkansas, 
about ode-third the work in course ; Ne.w York University, 
about oie-third, depending on the field; the University of 
Idaho indicates about 10 percent. « * 

Michigan College of Mining and Technology recommends 
economics and business administration as electives for 
higher (j^grees. 
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The Pennsylvania State College recommends both eco- 
nomic and social factors in some cases. 

The Moore School of Electrical Engineering of the Uni- 
versity of Pennsylvania offers electives which contain courses 
that give an understanding of economic principles in mar- 
keting electrical products. . 

RELATION OF WORK IN COURSE TO WORK 
IN RESEARCH 

MASTER’S DEGREE 

Attention is directed first to the requirements in course 
work and research work in programs leading to the master’s 
degree. Seminars are included in course work, and the 
thesis in research work_ 

In 65 of the 82 i^^^nutions considered there is quite a 
variation in the percentage of the requirements which must 
be satisfied by course work and in the percentage which 
must be satisfied by research work for the degree indicated. 

The percentage of course work varies from 30 percent to 
100 percent and the percentage of research work from zero to 

70 percent. The following table indicates the practices by 
groupings: 

Table 5.— RELATION Of WORK IN COURSE TO WORK IN 
RESEARCH FOR THE MASTER’S DEGREE 


1 1 o ate, engineer's degree. 

The principal frequencies are those MMiich 66K percent 
is course work and 33'A is in research; 75 percent course 


t 


Percentage 

« 

Number of cases 

Work In 
course, 
including 
seminar 

Work in 
research, 
including 
thesis 


1 

30 

33H+ 

50 

00-80 

60 

66 



2 

6 


— 

6 



4 

in 


2 

10 

40 

36 

an 


6.... 

70 

73 

76 

80 

87- 

100 


1 
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41 
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work and 25 percent in research; and 80 percent course 
work and 20 percent research. A number of schools do not 
express these amounts in terms of percentage^. Several 
schools state that the case of each student is determined 
od its merits since no rule exists as to the proportion between 
course work and research. 

The University of California has two plans. Under plan I, 
with the approval of Graduate Council, the candidate may 
satisfy the unit requirement for the master’s degree (20 
semester units plus thesis) by a comprehensive plan of 
research leading to an acceptable thesis. The schedule in- 
dicated is research (designation and number of course), 
10-12 units per semester, or 2 to 4 units per summer session. 
rj Ohio State University requires in its course work a rea- 
sonable concentration on interrelated subjects under at 
least two professors. 

The University of Cincinnati in referring to the sixth year 
of stu^r following the 5-year cooperative period of work 
mak^He statement: 

In general it is preferred that the sixth year be spent in 
full-time attendance at the university, but half-time em- 
ployment in the Institute of Scientific Research may be 
permitted. If an outside cooperative job is held, a mini- 
mum of 2 years additional tune will be required unless 
special arrangements are made with the cooperating firm 
so that outside work is of a definite research character. 
If a student does not attend the university full time, its 
faculty committee in charge of graduate work must approve 
the arrangement that is made either with the Institute of 
Scientific Research or with the cooperating firm. The 
appropriate technical degree will be given at the end of the 
fifth year for satisfactory work. At the end of the sixth 
year of satisfactoiy full-time work or cooperative work of 
a definite research character the master's degree will be 
given. If the cooperative work is not of research char- 
acter, the master's degree will be given at the end of the 
seventh year, provided the requirements are met. 

DOCTOR'S DBOREB 

Sixteen, or approximately half of the schools offering the 
doctor’s degree in engineering, indicated the percentage of 
work in course and the percentage of the work in research 
usually required for the doctorate. The table following 
shows the different frequencies: 
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Table 6.— RELATION OF WORK IN COURSE TO WORK IN 
RESEARCH FOR THE DOCTOR’S DEGREE 



Percentage 

Number of cases 

Work In 
course, 
including 
seminar 

Work In 
research, 
including 
thesis 

3 



5 | 

WT 

50 

- 60 
60ft 
70 
75 
80 

%nj— 

rn 

l.._. I 

OU 

in 

3 1 

2.... 

W 

33ft 

on 

2 1 

IJV 

or 

1 

on 

i 

£\J 


As in the case for the master’s degree, several schools indi- 
cated the absence of any definite proportion between course 
work and research. Flexibility is emphasized because of 
the needs of the individual or because of the nature of the 
problem. 

EXTENT OF THE USE OF THE SEMINAR IN GRADUATE 
COURSES IN ENGINEERING 

MASTER’S DEOREE 

, D&ta as to the extent of the use of the seminar in graduate 
courses in engineering were seldom given in quantitative 
terms by those who supplied information." The following 
statements summarize practices in a general way. 

Of the 82 institutions reporting 24 cite little use of the 
seminar in connection with the program for the master’s 
degree. A few of the remaining schools indicate the pro- 
portion of time devoted to this method of instruction. 

Three schools devote about 10 percent of the time to 
•Seminar work; 4 about 20 percent; one between 12 and 25 
percent; 2, 33 ){ percent; one 50 percent. Other statements 
included the following: Seminary and Journal Club, 1 hour 
each week; at least one seminar course is required per se- 
mester; one meeting per week in the major subject; one meet- 
ing including preparation, 2tf hours a week. 

At least 26 schools, in addition to those referred to, report 
a considerable use of the seminar. In some cases it depends 
on the subject or the major; again it depends on the discre- 
tion of the instructor; in other schools it depends on the 
department. 
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Only three schools definitely report the nonuse of the 
seminar. 

DOCTOR’8 DEOREE 

The seminar method is used to a considerable extent in 
work leading to the doctor’s degree in the field of engineer- 
ing. 

Only a few institutions indicate the amount quantita- 
tively; two indicate 10 percent; one not more than 20 per- 
cent, depending on the thesis; one requires attendance at 
the Seminary and Journal Club 1 hour a week; another 
requires attendance at one weekly meeting on research and 
one on the major subject. In one school all graduate stu- 
dents must attend the seminar of their major subject. In 
another the student must attend a seminar while he is can- 
didate for a degree. ' 

Eleven institutions report the extensive use of the seminar 
without indicating the amount of time. Five institutions 
stated that the seminar was little used. 

PLAN OF PRESCRIBED MAJORS AND MINORS 

MASTER'S DEGREE 

Among the 82 institutions reporting on thia question 18 
indicate that they do not have any particular plan of majors 
and minors for the master’s degree in engineering. Certain 
of them indicate their general plan in this connection in 
descriptive terms. The following illustrative cases are 
samples of practice in this regard: (1) The requirements 
for the major and minor are set up by the departments 
concerned; (2) a minor is not required, but if taken must be 
at least 10 semester-hours; (3) all the work may be in one 
department and part may be in one or more closely related 
departments; (4) the program consists of a highly profes- 
sional curriculum mostly prescribed; (5) the practice varies 
with the Btudent; (6) a major is required and in such cases 
courses in related fields that seem to support the program 
of study are required. 
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T ^*T^ 7 'r^ R0P0RTI0N 0F TIME DEVOTED TO MAJORS 
NEERIN G ^ THE MASTER ’ S DEGREE IN 

(CasM In which ^ Tlm , 


Institution 


Iowa. 

louth Dakota 
College, 
itevens Instltl 
Technology. 
University of 
rado. 


lege. 


Pennsylvania State 
College. 

University of Min- 
nesota School of 
Mines. 

University of North 
Carolina. 

University of Nevada) 

State College of 
Washington. 

University of Texas.. 


74062 * 


Major 

Minor | 

At least of work 

Usually a minimum of 1 

j including thesis. 

Vi of the work. I 

tc In major field % 

li of time; 2 minors of 

{ or H- 

Y i of time each. 1 

>f \ ft of course credits 

H in related fields. j 

I and thesis. 

>• 1 Yi in department 

7 t$ 12 hours. If a J 

I in which bache- 

second minor is per- 1 

I lore degree was 

mitted must not be 1 

received, And 

less than 6 hours in J 

thesis. 

other branches of 1 

• * 

t P 

engineering, or allied 

* *4 to % ; 

fields of pure science. 1 

y* to %. i 

a %, major work 12 

54, 12 semester-hours in 1 

! semester hours 

1 or more minors. 

in courses for 
graduates only 
in addition to 
j thesis. 


> }4, including thesis. 

H in 1 or more minors. 

I •%, including thesis, 

54, 15 term credits with 

1 30 term credits. 

slight variations. 

54- 

H. 

18 credits, ex- 

54, 9 credits. 1 

cluding thesis. 


including 6 ap- 

54, including 3 courses 

proved courses 

from, one or two 1 

| in major group. 

allied departments. 1 

1 12 semester- 

54, 6 semester-hours. 1 

hours. 

62 percent, 20 se- 

1 or 2 minors or at | 

mester-hours in 

least 6 semester- 1 

major. 

hours each. | 

60 percent 

' 1 
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Table 7.— PROPORTION OF TIME DEVOTED TO MAJORS 
AND MINORS FOR THE MASTER’S DEGREE IN ENGI- 
NEERING — Continued 



Institution 

! ' Major 

I- f 

J 

’ Minor 

' 

University of South- 

i . - 

! GO percent. 

i 

i 

1 or 2 from related field 


ern California. 


as physics. 


New York University 

> 

Rutgers University.. 

(5 courses) 60 per- 
N cent 3 courses in 
specific branch 
of engineering. 

GO percent 

2 courses. 


Purdue University... 

60 percdhf, 18.se- 

40 percent, 12 in other 


University of Arlcah- 

■^Taastfar-hours. 
58.2 percent or not 

engineering depart- 
m e n t or natural 
science department. 

! 

^/sas. 

' less than 14 se- 
mester hours in 
major and not 
less than 8 in 

$ 

1 

1 



minor in a total 
of 24 semester 

i 


• 

hours, exclusive 

* 


* •' > • ‘ 

of thesis. 

* 


'Virginia Polytechnic 
Institute. 

50 to 66H percent. 

33H to 50 percent. 


Cornell University. . 

50 to 75 percent-. . 

25 to 50 percent in 1 or 



V ‘ ■ . 

2 minora. 


University of South 

12 units 50 per- 

2 minora 8 units each 


Dakota'. * 

cent, 4^units in 

50 percent. 


- . * ; 

thesis. 



University of Wis- 

50 percent at least 



*’ ^onsln. 

in a single de- 


t 

University of Ken- 

partment. 



50 percent -f- ( 12 

Remainder correlative 


■ tucky. 

credits mini- 

work. 

* 


mum. Thesis 

. also in major. 

* 


T ulan e University 

50 percent at least. 

2 minora. 


University of Illinois. 

50 percent at least, 
may be all in ma- 
jor, a major and 
1, minor or a ma- 
jor and 2 minors. 

Not less than % of 
work counts as 
minor. 

#■ 


> 


I 
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Tablb 7.— PROPORTION OF TIME DEVOTFn to 

MASTER S DEGREE > N ENCI - 


Institution 


Major 


Minor 


Rice Institute. 


Montana State Col- 
lege. 

Louisiana State Uni- 
versity. 

North Carolina State 
College. 

University of Okla- 
homa. 


50 percent mini- 
mum in depart- 
ment granting 
the degree. 

50 percent of the 
credits at least. 

50 percent at least. 


50 percent. 


♦4.4 percent, 16 
hours in major. 


50 percent. 

66.6 percent, 20 hours 

\n 2 minors; at least 8 

hours in each minor. 


indicated: ll0Wing differ somewhat from those just 

of f he ^ /^e.-Requires one-fourth to one-half 

fnaJ f?™ * ** de y oted 1° research, one-half of the remain- 

A* A V 1 the field of the major and one-fourth- 

of th# time to work m closely related departments 

K^Sj^ _Requires 2 yeare «»*-*• 

'\ n ¥ n tl er8ii y °f Pittsburgh .— The major being in engineer- 
mg, the minor or minors ^hould be taken outside of the 
enmneenng school. This is a matter of decision ^ith thl 
individual rather than a fixed pohcy The teLT maior 
and nunor are mucji overemphasised m graduate work J 

thI°AK — Requires 30 credits in major work of 

required atd-may be 
taken m the same department as the major. The exact 
number of credits in a- minor is not prescribed ! 12£t 

SeSm^^iend e r m t^ closel r related department on 

StaJtrtSf 1 toent8 “ d on approval of 

Institute of Technology . — If 04 of the 96 ' 
units of the required “A” subjects including thesis are chosen 
from a single department, the degree 
with specification of the field, otherwise not. 
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Carnegie Institute of Technology. — About one-fifth of the 
work must be in a related minor field. 

University of Nebraska. — One major and one minor are 
required. The major work must be closely related ; most of 
the minor broadly related to the major. 

Case School of Applied Science. — The minimum limit of 
“A” subjects (for graduates only) is prescribed. 

Georgia School of Technology. — Seventy-five percent, or 
24 of the total 32 credit hours, must be in one department; 
15 of the 32, exclusive of thesis in strictly graduate studies. 
Some credits may be obtained in senior class subjects not 
before taken. 

University of Alabama. — Sefenty-five percent or 18 
semester-hours in major; 6 semester-hours in either major 
or a related subject. 

Polytechnic Institute of Brooklyn. — Students are required 
to bund a program with structural unity in some particular 
field of study. 

Syracuse University. — The major and minor plan is giving 
way to an effective unified program. 

University of Delaware. — Each student is considered an 
individual case except that the plan followed is one-third in 
major branch of engineering, one-third in humanistics, and 
one-third in pure science or allied engineering. 

Montana School of Mines. — Research must be in major 
field^ the balance of work preferably in other fields. ^ 

University of Idaho. — The candidate must have a maj<9 
and a minor in a related subject. 

University of Minnesota. — The major includes 40 percent, 
the minor 20 percent, and the thesis 40 percent. The 
major must be m the field of the bachelor’s degree?' 

University of Arizona. — Not fewer than 15 ncrmore than 
20 units must be in the major field. 

, ^University of Louisville. — A major in chemical engineering 
requires a minor in chemistry or physics or in economics or 
mathematics. 
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CHAPTER VI: COOPERATIVE AND PART-TIME 
GRADUATE. WORK 1 


O NE OF the most significant phases of the development 
of graduate work has been the provision of part-time 
courses of various types, many of them for the benefit 
of graduates who have found regular employment but wish 
to continue their education through regular academic work. 

The ways in which institutions have capitalized the partic- 
ular advantages of their environment and facilities in this 
connection provide an interesting study. 

Carnegie Institute of Technology appears to have been the 
first to offer graduate work on a part-time basis, having 
established such courses in 1912. The first degree was 
conferred in 1915. The courses are regular graduate engi- 
neering courses offered in evening hours. Enrollments in 
1933-34 were 52. Twenty-two degrees have been conferred 
under this plan since 1915. 

Massachusetts Institute of Technology inaugurated its coop- 
erative course in electrical engineering in 1919. This pro- 
gram is an integrated 5-year course having the first 2 years 
on the all-residence basis and the last 3 years cooperative, 
with alternation of periods at the Institute and in industry 
on a semester basis (including a summer term). One full 
year of graduate work is provided. The course leads to two 
degrees, the bachelor's and the master's. The curriculum 
provides a comprehensive foundation for engineering, includ- 
ing the scientific, economic, and sociological aspects. Four 
options are provided as special fields of work, and coopera- 
tive employment is provided in each of them with selected 
industries as follows: 


__ i Practice with — 

Electrical manufacturing General Electric Co. 

Electrical communications Bell Telephone System 

Electrical power generation and dis- Edison Electric IUuml- 
tnbution. , . natlng Co. of Boston. 

Electncal transportation Boston Elevated Railway 

Admission to the course is on a selective basis and places a 
premium o n high scholarship and good personal qualities, a 

•Bated on question 15 of tbe questionnaire. See appendix. 
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practice that has done much to insure its success. Classes 
are continued under resident and nonresident institute instruc- 
tors while the students are at the plants of the companies on 
their cooperative work. Many of the students are selected 
to Btudy under the honors group plan during the junior and . 
senior years whicbprovides unusual opportunities for the 
development of initiative and resourcefulness by placing the 
students more largely on their own responsibility. 

The total enrollment in the course to date has been 601 , the 
maximum -enrollment in any 1 year having been 127, in 1924. 
'the enrollment this year has been 69, a substantial decrease 
having occurred since 1930 due to industrial conditions. 
Three hundred and seventy master's degrees have been 
conferred. 

Massachusetts Institute of Technology also offers a coop- 
erative postgraduate course in its .school of chemical engi- 
neering practice which is essentially a fifth ‘year of work 
following the normal 4-year undergraduate curriculum. 
Twenty-four weeks of tUe year are spent at three practice 
school stations in industrial plants. These are followed by 
15 weeks of graduate study and thesis work at the Institute. 
Admission is selective and is limited to students of high 
professional promise. More than half of the students come 
from institutions other than the Massachusetts Institute of 
Technology. Members of the institute instructing staff are 
in charge of the practice stations. Students are assigned 
regular plant problems, many of which are of direct interest 
to the plant organization. The practice schools are supple- 
mented by a shorter course for seniors, thereby permitting 
12-month operation. - 

The course was established in 1920. The total enroll- 
ment has been 757 since its establishment. Twenty-three 
students were enrolled in 1933-34. Threehundred and fifty- 
three master’s degrees have been conferred. 

From 1928- to 1934 the Masslchusetts Institute of Tech- 
nology offered a cooperative course in railroad operation 
through an arrangement with the Boston & Maine Railroad. 

From 1925 to 1933 a program of graduate study was also 
provided by the institute for the younger engineers of the 
Lynn works of the General Electric Co. The instFuction 
consisted of graduate subjects in electric circuits and ad- 
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vanced alternating-current machinery given by institute 
instructors over a period of 16 months at the Lynn works 
During the same period the students were attending a 
seminar and starting work on their theses. The require- 
ments for the master’s degree were completed by a term of 
residence at the institute. The course was discontinued in 
1933 due to the fact that relatively few younger engineers 
were being taken on by the company. During its existence 
84 students were registered in electrical engineering and 39 
master’s degrees were granted; approximately 38 students 
_ were reg^tered in mechanical engineering, and 15 degrees 
were granted. 

A further step in the program of cooperative postgraduate 
work in engineering is to be taken at the Institute next year 
m the form of a new course in mechanical engineering, called 

- JI-A, which is to be similar to the existing cooperative course 

; in electrical engineering, VI-A. The course is being estab- 
lished at the request of the General Electric Co. 

Polytechnic Institute of Brooklyn began offering graduate 
work m its evening session in 1926 in chemistry, and in 1929 
expanded its program to include aU of its engineering cur - 
ncula as well. The work has met with a widespread response 
among younger employed engineering graduates in the met- 
ropohtan district of ySrk. TlL customary typeTo^ 
graduate courses as well as original work and research 
earned out through theses, are provided, the thesis work 
being of very high quality An average of from 3 to 4 years 

Th« 10 ,f mp e ^ WOrk for the m aster’s d£w£ 

- The total enrollment has been 1,423 since the inception of 

m, pla f , 10 ***** ag 0 * 127 degrees have been conferred. 
The total enrollment in 1934-35uwas 295, 153 being in engi- 
neering and 142 m chemistry. ^ 

The University of Pittsburgh and the Westinyhouse Electric 
■ Co. inaugurated theif cooperative arrangement of part-time 
graduate work in 1927. Under this plan instruction is pro- 
vided jointly by the university and the company for yournr 

K y i he c T pftny ' Clas8 <* are con/uctS 
on the premises of both under teachers designated bv the 

t^ V o1dir y « fr<?m am0D f lts 0VV ? facuU y and from among 

itaff d Tl,!^ er9 , T TV ch workere of the company? 

' T -*i Gntir ? T° rk pf tke students is done under the 

broad guidance of the university ’s school of engineering and 
the ^university assumes responsibility for the adequaev of 

' tearK r T’ M ,° 9t of the engineering subjects are^iven by 
teachers chosen from the. company's staff, while courses in 
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physics, mathematics, economics, and the like are given 
chiefly by members of the university’s faculty. Experi- 
mental work on theses is conducted in the company’s 
laboratories, but no credit is given for any shop, testing, 
drafting, or regular engineering work done by the student 
during working hours. Theses are of a high order of excel- 
lence. 

The courses lead, upon completion, to the master’s or to 
the doctor’s degree. Enrollments have run as high as 250 
men in a single year (1930), though there has been a con- 
siderable shrinkage since 1931, due to the depression. In 
1934, 33 men were enrolled. A total of 61 master’s and 
doctor’s degrees have been awarded. 

University of Wisconsin provides an example of another 
distinctive departure from the customary all-residence type 
of graduate program, and one of a high order of usefulness 
and of quality of work, in that conducted for younger metal- 
lurgical engineers employed in industries in Milwaukee.’ 
This work was inaugurated in 1924. The program makes it 
possible for a limited number of properly qualified technical 
graduates employed by metallurgical industries to advance 
their knowledge and to develop their research ability under 
instruction and leadership provided by the university. 
Instructors make the trip to Milwaukee each Friday, hold 
regular classes that evening, and spend Saturday with the 
students at their plants going over their research problems. 
The students are regularly enrolled as graduate students of 
the university — not in its extension division — and upon 
completion of the course work and thesis are awarded the 
master’s degree. The total enrollment in the course to 
date has been 52. Twenty-two master’s degrees have been 
confeiTed. The enrollment in 1933-34 was 5. 

A similar program was offered by the university in elec- 
trical engineering at the solicitation of engineers in Mil- 
waukee during the years 1925 to 1927. inclusive. Forty 
men were enrolled during the existence ol this course. 

Other institutions that have offered special types' bf 
graduate work, chiefly for young employed engineers, include 
Union College , which offered graduate courses for a period of 
about 15 years for engineering graduates employed by the 
General Electric Co. The master’s degree was awarded 
upon completion of a S’-year program and the submission of 
a satisfactory thesis. The arrangement was discontinued 
in 1932 when the coUege temporarily gave up all graduate 
work because of the depression. Possibility of resumption 
of the program, is now being considered. 

,; f Case School of Applied Science, which offered graduate work 
in evening hours, has also discontinued this type of program 
temporarily. 
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In addition to the foregoing, several other institutions 

aZTT ^ ? f Pr ° grams > cM y “ evening sessions. 
Among these are the courses that have been provided by 

Columbm University since 1932. The work is offered in late 

afternoon and early evening hours. Twenty-eight men ure 

enrolled in this work during the present year, many of whom 

are employed in such organizations as the Bell Telephone 

aboratones New York University inaugurated a program 

m 1933 in its evening engineering division whereby the 

SL maSt6r ° f SCiC f 6 ^ the fie,d of Mraulic and 
sanitary engineering may be earned in 2 yearn. An average 

of 10 students has been enrolled annually. The Universit 
of Pennsylvania also offers work in evening hours both in tfe 
Moore School where 40 students are enrolled, and in £e 
Tovme School, where there are 25 enrollments. The Uni- 
versity of Minnesota has recently launched a program of 
evepmg graduate work and has 22 men enrolled in the elec- 
trical engineering courses this year. In addition to the 
foregoing, the University of Cincinnati, Detroit Institute of 
ec nology, Louisiana State University, the Montana School 
of Mines, and Virginia Polytechnic Institute offer special 

types of cooperative courses in which a total of 16 students 
are enrolled. 

In all, 15 institutions now offer various special types of 
postgraduate work, the total enrollment of engineering stu- 

™® UC . h pro?ra '" a dunn S the .Tear 1933-34 having been 
• s is a sizable fraction of the entire enrollment of 
graduate students and the types of work provided form one 

of the most significant developments in graduate work in 
engineering. 

As a phase of cooperntivejand part-time graduat 
attention 13 called at this pof t to the special arranglfhents 
that a number of institutions have made for the offering of 
postgraduate work for employees of industry either on tf 
part-time or on a full-time basis. A number of the more 
sigmncant practices are given herewith: 

Virginia Polytechnic Institute. — This institution mkioi 
?n^ and ope F ate8 the lo . ca l power plant offers a full engineer- 
This P ^T ? connectl ° n wUh the operation of the^lant 
I 101 works very well. There are six cooperative fellow- 

mnKK m - fU fi engineerin S requiring 25 hoursa week for 12 
months m the operation of the power plant, including com- 
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bustion studies on Virginia coal. The stipend is $540 for 12 
months. 

University oj Maine. — The university has maintained coop- 
erative relationship with several largepaper mills. Employees 
have taken advantage of the scientific courses given in the 
subject of paper manufacture. 

University oj Southern Calijomia. — Arrangements have 
been made whereby city and county employees may have 
their tuition paid by city or county if they successfully pass 
advanced work in the school of government which counts 
toward a master’s degree in e ng ineering. 

Catholic University oj America. — Employees of the United 
States Bureau of Standards enrolled at this university may 
receive credit for research work done at the Bureau. 

Yale University.— There have been special cases of fellow- 
ships provided by industrial concerns. 

Montana School of Mines. — The plan here is moderately 
successful. Industry furnishes $2,500 a year of which $1 ,800 
goes to stipend and $700 to equipment, etc. 

New York University. — Various companies cooperate. 
The Westinghouse Co. accepts credits from this school for 
transfer to Pittsburgh. 

University of Oklahoma.— The university is situated within 
16 miles of the Oklahoma City oil field. Producing and 
refining work runs 24 hours a day. Officials arrange working 
hours for men who desire to take graduate work at the univer- 
sity. A man may take up to 8 semester-hours in the grad- 
uate school if he is employed elsewhere full time. Graduate 
students are permitted to use equipment of the neighboring 
companies.^ The university cooperates further with the 
American Society of Mechanical Engineers, the American 
Petroleum Institute, and* the American Gas Association in 
conducting certain cooperative research projects. 

University oj Cincinnati. — In addition to the regular 
channels of research there has been organized an institute 
of scientific research which has a fundamental relation to 
several basic industries. The institute comprises four major 
units: The Research Laboratory of the Tanners Council 
of America, the Commercial Club of Cincinnati Resource 
Survey, the Research Laboratory of the Lithographic 
Technical F oundation, and the Basic Science Research 
Laboratory. 

Cooperative graduate study in engineering was begun at 
this university m September 1927. 

In 193? there were 260 firms cooperating with the school 
of engineering. . 
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CHAPTER VII: ADMISSION REQUIREMENTS 1 

TT°“ °i adlflission methods and requirements 
1 m graduate work are considered in this chapter- Re- 
quirements for admission to graduate study and require- 
ments for admission to candidacy for a degree, the former 
being, m many cases, admission merely to a probation^ 

fsTc^L ? S ' f reCOgniti ° n of the applicant's statS 
as a candidate for a degree. 

The several aspects of admission to graduate study that 
Reconsidered include ( 1 ) nature of the specifications im- 
Pd^particularly as to the quality of the student’s under- 
gradrofes«6cord; (2) procedures employed in the admission 
of grad uates rrt ^onengineering curricula and of under- 
graduate enpneeSg^muricula other than that of the 
proposed field of graduate work; (3) evaluation of the 
credentials of graduates of other institutions; and ( 4 ) 
administration of admission procedures. ^ 

SPECIFICATIONS IMPOSED AS TO THE OTTATitv 

undergraduate record of the candidate. If the student 
«,mes from another institution the additional requirement 
is often made that he be endorsed by some official of the 

therefm- 011 “1 WhiCh he C °“ eS ' Ac “P‘“cs of the student, 
therefore, involves some evaluation of the undergraduate 

record and, if the student comes from another kSitution 

of that institution itself. Repfies to inquiries on these • 

p mts indicate that 64 of 82 institutions reporting impose 

~ r o7h defin l tely f ?™ Ulated Wa«ons L to tlre 
quahty of the undergraduate record; 15 indicate that no 

det “P“‘ fi “ t,0n9 .. are . i “P0“d- While it is not entirely 

«om U ; e ” phe3 ' “ fPP eara most' of the institu- 
tions m the latter group have admitted to graduate studv" 

only students holding their own baccalaureate degrees and 
have admit ted these students simply as a matter of course. 

1 Based on question 8 of tbe questionnaire. See appendix. 
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fr In most instances, institutions that impose specifications 

do so on the basis of grades. Several sstate that an average 
of “B” or better is required, and some make virtually the 
same requirement in terms of grades expressed as percent- 
• ages. In other instances, requirements are stated in more 
general terms, such as the fraction of the class in which the 
student must stand — for instance, the upper half. In other 
cases, requirements are stated in still more general terms, 
for example, possession of “superior grades" or “evidence of 
high scholastic ability." In such instances the require- 
ments are usually accompanied by a statement to the effect 
that each student’s record will be passed upon individually 
by a committee or individual acting as an admissions officer. 
In a few instances specifications are stated in terms of prac- 
tices peculiar to the institution, such as the possession of a 
stated number of “grads points" per. credit. 

Entrance examinations for admission to graduate study 
are employed regularly in only a few instances — but 3 in- 
stitutions of 82 replying indicated such procedure, though 4 
others indicated that examinations might be required in case 
of doubt a9 to the standing of the institution from which the 
candidate received his baccalaureate degree. 

PROCEDURE AS TO ADMISSION OF GRADUATES OF NON- 
ENGINEERING CURRICULA AND OF ENGINEERING 
CURRICULA OTHER THAN THE PROPOSED FIELD OF 
GRADUATE WORK: SYSTEMS OF PREREQUISITES 

Answers to inquiries on this matter, while incomplete, in- 
dicate that the prevailing practice is either to require the 
candidate first to secure a baccalaureate degree in the specific 
field in which he intends to pursue his graduate work or, if 
admitted to graduate status, to make up all prerequisite 
undergraduate courses. There is, however, considerable 
diversity of practice in the admission of students to special 
standing status in the institution. Quite a number admit 
nonengineering graduates to specific courses but will not 
permit them to work, for a master’s degree. A few admit 
them to the status of “auditor." In a few institutions if an 
appropriate undergraduate major is made up the student 
will be permitted to go on for the master’s degree in that 
particular field <^ven though he has not pursued a complete 
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undergraduate engineering curriculum in any field. Most 
of the replies that were perfectly explicit on this general 
matter indicate; however, that possession of a baccalaureate 
degree in the particular field in which the student expects to 
pursue his advanced work is insisted upon, and if a single 
practice can be said to be the normal or customaiy one, it is 

Practice in admitting graduates of one undergraduate engi- 
neering curriculum to a different field of graduate study are 
sumlar, in general, to those described in the foregoing para- 
graph. In somewhat more than half of the institutions that 
reported a graduate of one engineering curriculum must sat- 
isfy all the undergraduate prerequisites for the new field— 
either before he enters or concurrently with the pursuit of 
the advanced work. In some instances these prerequisites 
must be passed without credit; in some, a certain proportion 
of the work m the major field of the undergraduate curricu- 
um may be accepted in satisfaction of requirements in the 
mmor elected by the student. If the holder of the baccalau- 
reate engineering degree in one field is admitted as a gradu- 
ate student in another field, a time limit is often placed on 
the period in which he must make up the undeigraduate 
prerequisites m the new field, or the requirement is made 
that 1 full year must be spent in work for the master's ' 
degree after satisfaction of all prerequisites. 


BASIS OF EVALUATION OF CREDENTIALS 
GRADUATES OF OTHER INSTITUTIONS 


OF 


, ^related aspects of this matter are here considered: 

(1 ) Evaluation of the specific courses pursued by the student 
as prerequisites for the advanced courses he desires to pur- 
sue; (2) evaluation of the standing of the institution from * 
which he comes; and (3) appraisal of the quality of his under- 
graduate record. 

Evaluation as to specific courses pursued.— In a consider- 
able majority of institutions the specific courses taken in the 
undergraduate curriculum are appraised individually, gen- 
erally by an examination of the catalog, through a confer- 
ence with the student, or by correspondence with the inst£ 
tution. In some instances admission to the advanced 
-courses is made on a probationary status, or the student is 
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permitted to pursue the advanced work until his deficiencies 
in preliminary courses become obvious. 

Evaluation of standing of institution . — In 72 of the 82 insti- 
tutions reporting, evaluation of the undergraduate creden- 
tials of other institutions is based on the general standing of 
the school, though relatively few replies are specific in indi- 
cating what is meant by “general standing." Such replies 
as are specific generally indicate that the institution must 
be one accredited by some national or regional accrediting, 
agency or by the local State university acting as an accred- 
iting agency. In some instances “equivalence" of the gen- 
eral undergraduate programs is necessary if its graduates 
are to be admitted. 

Appraisal of quality of undergraduate record of the appli- 
cant . — In 64 of the 82 institutions which supplied informa- 
tion undergraduate records of students coming fron^other 
institutions are scrutinized at least as carefully as are rec- 
ords of students graduating from the same institution. In 
a few cases definite specifications are made as to grades 
achieved in undergraduate work. Almost all instances in 
which definite replies were given indicate that the student 
is required to have achieved a high standing. 

P olicies and methods pursued . — As to policies and methods 
used by institutions in evaluating credentials of prospective 
graduate students whether from the same or other institu- 
tions, it appears that they are quite similar, on the whole. 
Nearly half of the institutions supplying information indicate 
that they use all three of the criteria just enumerated, and 
virtually all of the others use at least two of these criteria. 
The practice of requiring good or superior records from stu- 
dents who have pursued their undergraduate work in insti- 
tutions of acceptable quality seems to be virtually universal, 
though the method of evaluation of specific criteria may dih 
fer more or less. As to graduates of institutions of ques- 
tionable or unknown standing, the practice of admission on 
probation seems to be fairly common, — 

ADMINISTRATION OF ADMI8SION PROCEDURES 

Practice in this connection favors the control of admission 
procedures by a single individual, as indicated by 49 insti- 
tutions, though a considerable number— 34— place control in~ 
the hands of a committee or group. 
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The individuals most commonly placed in control, named 
in qpder of frequency of designation, are the dean of the 
graduate school, the registrar, the dean of the school of engi- 
neering and the head of the department or professor with 
whom the student expects to pursue his major. In several 
mstances administration of admission procedures is vested 
m two individuals jointly, such, for example, as the 
registrar and the dean of engineering, the dean of engineer- 
ing and the head of the department, and the like. When 
committees administer the procedure they are commonly 
made up of an administrative officer, such as the dean of 
the graduate school or the dean of engineering and the heads 
of certain departments or a selected number of members #f 
the faculty of senior rank. In some instances the com- 
mittee on admissions is chiefly concerned with questions of 
policy and with decisions as to doubtful cases; in others the 
committee meets for consideration of all candidates and 
considers each case individually. In general, replies to the 
question as to administration of admission procedures served 
as well to indicate the degree of care in selection of graduate 
students as did questions specifically intended to bring out 
this phase of the admissions problems. 


ADMISSION TO CANDIDACY FOR A DEGREE 

Because of the nature of the replies submitted to questions 
on this matter, requirements for admission to candidacy to 
the master’s degree and to the doctor’s degree will be con- 
sidered together. # 

In a large group of institutions formal admission to can- 
didacy for the master’s degree involves first, the recognition 
of the undergraduate degree by an appropriate, officer or 
group of the admitting institution. .Registration in the 
graduate school, the taking of an approved course of study 
the passing of language requirements, when specified, or the' 
appraisal of the abilities and the work of the student during 
a probationary period are amoDg the requirements for formal 
admission to candidacy. Admission to the graduate school 
does not, in many instances, imply admission to candicacy 
r the degree. The latter step is sometimes made a separate 

passed upon by some evaluating officer or 
ften the latter. 1 
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In the case of formal admission to candidacy for the doc- 
tor's degree the practice of requiring the completion of a 
probationary period, the passing of language requirements, 
completion of all course requirements, or the passing of 
written and/or oral examinations is almost universal. Re- 
quirements and . procedures in this connection are much 
more definitely formulated in the case of admission to doc- 
toral candidacy than in the case of admission to candidacy 
for the master’s degree. 

Examples of the practices of various institutions as to 
requirements for admission to candidacy are given below as 
typical. 

MASTER’S DEGREE 

♦ 

Purdue University . — The candidate must obtain the for- 
mal approval of his plan of study and his thesis topic by the 
major professor and dean of the graduate school. 

Iowa State College . — The candidate must be registered in 
the graduate college at least 1 quarter. The application 
must show that the modem language and English require- 
ments have been met. Final approval is determined by the 
graduate committee. Candidacy must be completed at least 

1 quartor before graduation. 

Kansas State CSllege . — The candidate must obtain the 
approval of the graduate council after demonstration for 

2 months or more that he is of graduate caliber. 

Louisiana State University . — The candidate must meet 
major and minor requirements with the approval of the 
head of the department. He must satisfy his major pro- 
fessor as to graduate ability. The thesis topic must also be 
approved. Application must be made not later than the 
beginning of the second semester of the year. 

Missouri School of Mines and Metallurgy . — No formal ad- 
mission to candidacy for the master’s degree is required. 
The student must complete a course of study approved by 
the committee on graduate students with a 1.75 ^rade point 
average, and must - pass satisfactorily an examination on 
both course and research work taken after the work is all 
completed. 

Syracuse University .— After the formal application the 
selection of the thesis follows usually after a semester of 
Work. The application and the thesis are acted upon bv 
the dean of the graduate school for the board' of graduate 
studies. 
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Carnegu Institute of Technology.— On completion of a pro- 
gram of 32 semester-hours as approved by the department 
and group committee, the student is admitted to candidacy 
and is eligible for the comprehensive examination. 

South Dakota State College. — The student makes applica- 
tmn to the graduate committee, naming the departments in 
which he wishes to major and minor. If approved by tS 

3^- Mp and that of the departments^! 

cerned, he should outline the scheme of study which he is 
to pureue. If after one term’s study his work is found to 
be satisfactory he will be admitted to full candidacy. 

DOCTOR’S DEGREE * 

University.— The recommendations of the 
professors of the principal and two subordinate subjects are 
required as well as the demonstration of reading knowledge 
of two foreign languages. Examinations are also required. 

lorn State College. A preliminary examination is required 
at least 3 quarters before the final examination. In no case 
can the final examination be given in less than 6 months from 
the tmie of the preliminary examination. Additional re- 
quirements for the student to fulfill are filed by the students' 
committee with the dean. ' “ 

Massachusetts Institute of Technology . — The candidate 
must have completed his minor and his modem language 
requirements, passed the general major examination? and 
given evidence of ability to do .research of a high grade. 

Carneoie Institute of Technology.— The applicant may be 
accepted after passing a preliminary examination. This 
comes between Mav 15 and October 15 of the calendar year 
before that in which the degree is to be granted. 

Harvard University .-— The candidate must be a graduate 
of a college or scientific school of recognized standing with 
aU eaatg y eara of advanced study in engineering and with at 
leasb-Fyfear m the Harvard Graduate School of Engineering. 

University oj California .— The student must give notice 
of m tending candidacy as early as possible. He must pass 
the qualifying examinations and meet the language require- 
mentp. At least 2 semesters must elapse between advance- 
ment to candidacy and the final examinati on 


/ 


/ 


/ 


74062 • 










CHAPTER VIII: GRADUATION REQUIREMENTS— 
THE THESIS— EXAMINATION METHODS-DE- 
GREES 1 * 



T REATMENT of the topics listed above is limited, 
essentially, to their quantitative or statistical aspects. 
The broader question of the qualitative requirements 
or standards of graduate work in engineering and the 
problems incident thereto are omitted 'or at least touched 
upon only incidentally. - , . _ . ~ 

The following aspects of requirements for graduation are 
dealt with: Residence requirements; transfer of credits 
from other institutions; statement of requirements in 
quantitative terms; classification of graduate courses, 
together with the incidental matter bf the admission of 
undergraduates to graduate courses and of the acceptance 
of undergraduate work in partial fulfillment of requirements 
for advanced degrees; and foreign language requirements. 
Under the head of “The Thesis” are considered such points 
as credit allowed, administration and supervision, and 
relationship to institutional' research programs. Examina- 
tion methods are treated briefly. The chapter concludes 
with a statistical summary of degree practices in graduate 
work. • • 


TIME IN RESIDENCE FOR HIGHER DEGREES 

.v % t 

Somewhat fewer than half of the institutions offering 
work for the master’s degree set a maximum limit on the 
time which may elapse from first enrollment as a graduate 
Btudent to acquirement of the degree, while more than half 
of the institutions set no such limit. The range of maximum 
time limits is from 2 to 8 years, with 5 years specified more 
frequently than any other one limit. 

No institution permits earning of the master’s degree in 
less than 1 year; this is virtually universal practice in the 
case of full-time work in residence. Two. institutions (Yale 1 
and Johns Hopkins) report a minimum time limit of 2 years. 

■ Based on questions'll, 10, 11, and 12 of the questionnaire. See appendix. 
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When the time in residence is expressed in other units than 
the year, such as the term, semester, or week, requirements 
are found to be the equivalent of 1 year of work. In the 
case of programs of evening work leading to the master’s 
degree the minimum time limit is 2 years, with longer periods 
mentioned as the average time required. 

Apparently continuity of residence is not a problem of 
moment in connection with programs of work for the 
master’s degree since only eight institutions mention that 
- an y requirements as to continuity of residence are enforced. 

In the case of the program for the doctor’s degree, con- 
tinuity of residence has evidently received more considera- 
. tion and is more definitely a problem because of transfer of 
. students from one institution to another. Among 12 
institutions that reported on the matter 6 require at least 1 
year in residence and 2 of these indicate that this year must 
be the last year. Three other institutions indicate that at 
least 24 hours of work in course must be in continuous 
residence, while 2 institutions require 2 years of continuous 
residence. 


TRANSFER OF CREDITS FROM OTHER INSTITUTIONS 

. •^ n case of work for the master’s degree only 18 institu- 
tions out of a total of 82 reported any specific practices in 
the matter of transfer of credits from other institutions, 
though it is not certain that the number which would accept 
such transferred credits is limited to those who reported on 
the matter. The range of number of credits that will be 
accepted in this manner i3 from a minimum of 6, or approxi- 
mately 20 percent of the total requirements, to a maximum 
of 24 out of 48, or half of the entire program. Six credits, or 
their equivalent in other unifs, is mentioned more fre- 
quently thap any other one number. 

As to transfer of credits for the doctor’s degree only one 
institution indicated that no such transfers are permitted. 
In some instances arrangements for transfer of credits are 
made on the merits of each individual case, but in most cases 
restrictive regulations are enforced. In one cade as much as 
2 years of work in other institutions may be accepted ;dn 
another the limit is set ai30 semester-hours of work in course; 
m another the transferred credits must be acceptable on ^he 
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basis of evaluation in accordance with the standards of the 
accepting institution. Control of transfer credits is 
vested in various individuals or groups. In genera^ transfer 
of credits is not permitted to decrease the minimum require- 
ments for the degree, and usually 1 year in residence, is 
stated definitely as the minimum requirement. It is the 
general practice to require that the doctoral thesis must be 
done in the institution that confers the degree. 

GRADUATION REQUIREMENTS IN QUANTITATIVE TERMS 


MASTER’S DEQREE 


The following tabulation indicates the range of practice. 
Wh^re necessary for uniformity of expression, requirements 
in other than semester-hour units have been expressed in the 
equivalents of that unit. 


Requirement in semetter how » ' — 

24 

28„'._ 

24, plus thesis 

30 

More than 30 7 

Cases not susceptible of exact quantitative statement 
Total number reporting 


Number 
of cruet 

5 

1 

8 ' 

37 

12 

13 

76 


Since the modal requirement in undergraduate work is 32 
semester-hours per year, it is observed that the requirement 
for the master’s degree 'that prevails in a majority’ of cases — 
30 semester-hours or its equivalent — is less than the corre- 
sponding requirement in undergraduate work, doubtless a 
reflection of the fact that a greater amount of work is re- 
quired per unit in graduate study. 


DOCTOR'S DEOREE 

\ * . 

Whilequantitative requirements of work for the doctor’s 
degree are often stated and a tabulation of such requirements 
might be presented herein, it is believed that such a tabula- 
tion would not convey any information of value in addition 
to the basic fact that the requirement for the doctorate is 
almost universally 3 years of work in full-time residence 
after acquirement of the baccalaureate degree, and that 
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approximately 1 full year of the 3 must be spent on the 
preparation of the dissertation, whether this time be spent 
continuously or spread over parts of 2 years. Institutions 
differ in their practice as to the amount of work required in 
course and in research. They also differ in the units in 
which course work is expressed; for example, many institu- 
tions require a minimum of 60 semester-hours of work in 
course plus a thesis, while others state the sam’e real require- 
ment of work in terras of a stated number of 48 semester- 
houm plus a thesis; but it is apparent from information sub- 
mitted that numerical stktements of requirements for work 
beyond the master's degree are not of great significance. 

CLASSIFICATION OF GRADUATE ’COURSES- 

Three practices are followed in the classification of courses 
open to graduate students: (1) All graduate courses are 
grouped in a single category, these being open to graduate 
students only. The graduate student may not, in these 
cases offer any work done in courses open to undergraduates. 
(2) Courses are listed m two categories— those open to * 
graduate students only and certain undergraduate courses ' 
w ich graduate students may pursue for credits. These 
are often called class A and class B courses. (3) Courses 
are grouped in three classes-^often called 100 Courses, 200 
Courses and 300 Courses because of the numbering system 
used in the catalog Courses in these thrAe groups are open 
respectively, to undergraduates only, to undergraduate or 
graduate students, and to graduate students only. 1 A laree 
majority of institu tions-62 of 80 that gave definite answer* 
classify graduate courses in one or the* other of the last- 
named manners having certain courses or groups of courses 
a may be talced either by undergraduates or graduate 
students for credit toward their respective degrees. Only 18 
institutions indicate definitely that they do liot classify 
graduate courses in this way. J 

, ;# f ract . lce 1 £ r eatly in the proportion of courses in the 
different classifications that may be taken by candidates for 
master s degrees. Two institutions indicate that all work 
offered in fulfillment of requirements for this degree must be 

\ 8tmtly gr^uate courses exclusively; 4 indicate 

that the proportion must be 75 percent or “more; 15 indicate 
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that the proportion must be from 50 percent to 66% percent; 
and the remaining institutions either indicate that the pro- 
" portion may be less than 50 percent or do not answer the 
question. In one instance the prescription is that not more 
than 25 percent of work for the master’s degree may be from 
subjects either offered primarily for undergraduates or open 
to them. In quite a number of cases there is no definite 
regulation, tlfe matter being left, to the discretion of the 
professor in charge of the student’s major field of work or to 
that of the head of the department. A few other require- 
ments may be quoted to indicate diversity of practice as 
follows: 

Major must include 16 hours of courses open to seniors and 
graduate students. 

At least 12 quarter credits out of 45 must be in courses exclusively 
for graduate students. 

Not more than 40 percent of work for the master’s degree may 
be in courses open to seniors or may be “B” courses, and then 
only in use as minors. 

Practice also differs widely in the matter of giving credit 
for undergraduate courses. Fifty-four of 82 institutions 
reporting permit the student to offer such work; 20 definitely 
do not. The proportion of these undergraduate courses 
that may be offered in satisfaction of the requirements for 
the master’s degree varies widely. In certain cases the 
proportion is indicated by the use of such terms as “vari- 
able”, “small”, “limited”, “very limited.” In cases where 
practice is stated in percentages the figures range from 25 
to 50. 

An instance in which practice also varies greatly among 
institutions is the case in which a given subject is taught in 
an undergraduate.course in one curriculum and as a graduate 
course in another. Courses in differential equations are 
sometime taught in this way, i. e., they are required in the 
undergraduate curriculum in electrical engineering, but aYe 
available to graduate students ini other fields. In 57 cases 
on which reports were received ini this connection, graduate, 
students of one curriculum are admitted to the undergrade' 
ate class in another curriculum; in four additional cases, the 
graduate students are taught in separate sections, though 
the content and level of the courses are substantially the 
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same in both groups. In only a few cases are graduate 
students who are required to take courses coming in this 
classification obliged to do so without receiving any credit 
toward the advanced degree. In 16 additional cases the 
graduate course in the subject is more extended and on a 
higher level than the undergraduate course. In one in- 
stance the remark is made that gradual* students can 
attend undergraduate classes in a particular subject if no 
freshmen or sophomores are present. In certain instances 
graduate students are expected to achieve higher grades for 
credit in courses of the type herein referred to than are 
undergraduates pursuing the same courses 

The converse case to that just discussed is the admission 
o undergraduates to graduate courses. In 56 institutions 
this practice is permitted, subject to definite restrictions. 
In 17 institutions it is not permitted. The general practice 
is to require the undergraduate to have satisfied all under- 
graduate prerequisites, and, in some instances, the further 
limitation is imposed that the student must have nearly 
completed all the requirements for the baccalaureate degree. 

Certain of the specific regulations that are made in this 
connection are the following: 

N o credit for the graduate course is allowed until the bachelor’s 
degree has been awarded. 

Undergraduates must be “honor” students 

U wdthfn a ?s ate8 i “* t0 ««me. unless 

within 15 units of graduation. 

Undergraduates are admitted to graduate courses only when 
working for two degrees simultaneously. 

It is the general practice to permit enrollment of under- 
graduates in graduate courses only with the co«tot or upon 
the advice of the head of the department, the schedule ad- 
viser, or some other person authorized to grant the Der- 
mission* * 


FOREIGN LANGUAGE REQUIREMENTS 

MASTER’S DEGREE 

In 65 of the 82 institutions reporting, no foreign language 
“ required for the master's degree. In certain of those that 
do make the requirement it is left optional with the depart- 
ment or applies to particular departments only, such as 
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chemical engineering, where German is specified rather 
frequently. Eight institutions report that they definitely 
prescribe work in modem foreign languages as part of the 
requirements for the master’s degree, while six additional 
institutions prescribe a stated amount of language work as 
a requirement for admission to graduate study; or they re- 
quire the equivalent — a “reading knowledge” of one oivtnore 
languages. The latter requirement is common when the 
program of work for the master’s degree is considered to be a 
, more or less integral part of the general program leading to 
the doctorate. 

DOCTOR’S DEGREE 

In 27 institutions offering work in engineering for the 
doctorate a reading knowledge of two foreign languages — 
virtually always French and German — is insisted upon. 
This requirement must be met before the student is accepted 
as a doctoral candidate in most instances. In only two cases 
among the institutions reporting in this survey is it specifi- 
cally stated that a reading knowledge of a foreign language 
is not required. In one instance it is stated that the candi- 
date' must have a speaking knowledge as well as a reading 
knowledge of two modem foreign languages, the degree of 
proficiency being judged by a committee of the general 
university faculty. 

VIEWS AS TO THE FOREIGN LANGUAGE REQUIREMENT 

% 

Only a limited number of correspondents indicated their 
views on this subject, and in certain instances those who did 
reply did not indicate clearly whether they intended their 
remarks to apply to the master’s degree or to the doctor’s 
degree. The following is a summary of the opinions that 
^were expressed: In 24 instances foreign languages are deemed 
important in all graduate work. In 10 instances they were 
considered to be desirable but not indispensable, and in one 
of these cases it was the cultural rather than the utilitarian 
aspect of language work that was emphasized. In 26 insti- 
tutions, in addition to those just mentioned, the foreign 
language requirement was emphasized f as essential in work 
for the doctorate, and in 1 5 of these cases two languages were 
indicated. In nine of these German and French are believed 
to be necessary. In certain instances correspondents indi- 
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cated the behef that the language requirement depends to 
a certain extent upon the field of work or on the individual 
needs or inclinations of the student. 

THE THESIS ^ 

Requirement of a thesis in partial fulfillment of relquire- 
ments for the master’s degree is almost universal practice in 
engineering colleges. In only a very few institutions is the 
thesis not required; in such instances it is usually optional 
course work being substituted for it, often with the boaMnt 

j[ a i f n a f C ?i y ad Vlser ; In g^eral, the intent is to place afmd 
deal ofthe responsibility for initiating and conducting grad- 

r ^l° a ^ 8tUdent - Twent y “eight institutions indi- 
cate that the student is expected to make his own selection 
of a topic, though in certain instances a list of topics is sup- 

L d i r ° m ^ kch elections may be made. A conference 
with the professor in charge of a particular field of work is 
suggested and the student’s final choice is subject to approval ' 
either by the thesis adviser or by the head of the department. 
In a few cases the professor or thesis adviser selects or assigns 
the topic; in such instances the student' exercises little or no 
imtiatove and may even have no choice in the matter. 

allotment of credits for the master’s thesis is repre- 
sented in the following tabulation. In interpreting these 
gures it should be remembered that a total of 30 credits is 
the modal requirement for the master’s-d^gree. 


\ Number of semes- 
ter-hour credit s 
allowed to thesis 


2 to 3. 


Number of institutions 
^ — — - — 3 to 6. 

3 

3 4 to 8 or 10. 

2 5 0 

1 — — -*• 5 to 10. 


dumber of semes- 
ter-hour credits 
allowed to thesis 


Number oj institutions 

6 6 . 

® - 6 to 9, to 12. 

1 8 , * 

1 9 to 12. 

1 10 . 

O 

° - 13 or more. 


* ui mure. 

n the administration and supervision of thesis work for 

bUitv r r T e 33 .institutions place the chief responsi- 
, „ f? n profcs , sor “ immediate charge of the student’s 

project Among these institutions four assign some of the 
risponsibdity to the head of the department as well as to 
the profess 0 ,. m immediate charge of the work. In eight 
institutions responsibility for general supervision rests 4th 


60 


GRADUATE WORK IN ENGINEERING 


a committed, as is so commonly the case in work for tl*e 
doctorate. 

In a considerable number of institutions work on master’s 
thesis is qlosely related to the institutional or departmental 
programs of research, particularly in those institutions hav- 
ing experiment stations. In a few instances special research 
projects qf outside industries are assigned to students for 
thesis topics. 

The general status of the doctoral thesis is so well under- 
stood and so much reduced to standard practice as not to 
require discussion at this point. 

EXAMINATION METHODS 

Replies to questions about examination methods in 
graduate work indicate a wide variety of practice. They 
do not, in general, make clear the distinction between the 
practice for the master’s degree and for the doctor’s degree. 
Consequently the statistics heroin R i 1 mmfl.r i 7 .ftd may apply 
to either of these degrees. 

With reference to examinations in formal courses, 43 
institutions reported that the conventional written examina- 
tion is required, while 6 reported that the written examina- 
tion may be omitted at the option of the professor in charge. 
Two institutions indicated that a written report may be 
submitted in lieu of an examination. Three institutions 
reported the use of either a wntten or an oral examination ; 
one that the examination may be waived in case the term 
record is B or better, and 27 made no reply. Apparently 
it is still the common practice to ut iliz e the usual written 
examination in each course taken towards an advanced 
degree. ••••-. 

Answers to a question relating to examinations for admis- 
sion to candidacy for a degree indicate a wide divergence in 
the interpretation of the question and in the practice among 
institutions. Some answers considered the question with 
f reference to* admission of the student to graduate courses, 

- -as indicated by the fact that 21 institutions reported no 
examination, 12 reported that an undergraduate record of 
high standing was required, and 4 indicated that an exami- 
nation might be required for admission to graduate work. 
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01 


Other institutions do not consider the student to be a 

candidate until he has demonstrated his ability to do graduate 

work successfully, as shown by the next group o“ e £ 
Two required satisfactory completion of a quarter’s work for 

™U c „“f ld 7 for the de ^- r - “—t 

reported both oral and written examinations required* three 
repor an oral; two, a written examination; five admis- 
sion to candidacy after> passing the prescribed courts™ 

ex!L2^s ^m f H Ur m ? 1Cated the rec I dement of written 
an modern languages and minors, and oral 
and written exammations in thfe field of the major Three 

scatU!rbg “ d 33 mnde - 

Apparently it is a common practice to grant the master’s 
degree upon completion of the prescribed program of studies 
. Wheat any comprehensive examination, alLugh a f w 

ZZlZ a JV eq i T re b ° th WriWen “ d oral 'ompreben ive 

examinations for the master’s degree. For the doctorate 
t is common practice to withhold approval of the theS 
until oral or written exammations covering the major and 

'"he 8 ::;f as the 2^ ^— ts izz 

As to the use of comprehensive examinations: 30 reported 

° rai nt 

y, 5 , an oral and a written examination* and 8 

oral c T^::r n * Twelve reported tte - « « 

oral examiDatl0n j or both; 1 indicated that the 

C nnrJT * l0p -™ cons ^ered of but little value* 7 re- 

ported no comprehensive Examination; and 15 did not 

' 2 a fi i'r queSti0n - As th « word ‘‘comprehensive’’ Z 
not defuied it is not certain whether the exLnations 

mtuprehensive m their covering of one subject or of a field ' 

SmC6 m “ y 0t the examinations covered the 

Zv'o ZT' rV 116 th “ i8 ’ it fftir *o assume th! 
many of them apply to a comprehensive covering of the 

fromVm‘Tr diCat<d Z the pral ““nation extended 
3 b0UT3 ’ mtb 2 houre toe most common time 

.Eighteen institutions reported that' the examining com- 
, to* w “ eppomted in accordance with faculty rde- 16 

> 8, reported appoint me nt 
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by the head of the department; 3, by the president; 3, by 
the graduate committee; and 15 did not indicate the method 
of appointment of the examining committee. k 

The membership of the examining committee is indicated 
to be as follows: 23 institutions reported representatives of 
major and minor departments and the thesis supervisor; 7 
reported each professor w r ho had had the candidate in class; 
and 7 reported the major department, the thesis supeiyisor, 
and a representative of the graduate committee. Four 
reported the professors in major and minor courses, the 
thesis supervisor, and a representative of the graduate com- 
mittee who had not had the student in class; 2 reported the 
graduate committee; 1 the committee in charge of student’s 
program of studies ; and 1 5 did not reply. . 

Sixteen reported the department head as chairman of the 
committee. 

.. Six institutions reported that the examination was open 
to the public, and in one of these cases it was stated that 
any of those present could ask questions of the candidate 
but only the candidate’s examining committee could vote 
on the recommendation for the degree. 

Replies indicate that the oral comprehensive examination 
is common in graduate work, especially for the doctorate, 
and that the examining committee is made up of representa- 
tives of the departments involved. The practice of a few 
institutions in specifying at least one member of the com- 
mittee who has not had the candidate in class seems a very 
desirable arrangement. 

In conclusion it can be said (1) that the written examina- 
tion is still widely used; (2) that there is considerable varia- 
tion in the practice among institutions in rating a student 
as a candidate fpr a degree; and (3) that oral comprehensive 
examinations covering the field of graduate study are 
commonly used. 

ADVANCED DEGREES IN ENGINEERING 

The following tabulations summarize current practices. 
Virtually all of the institutions in the United States that 
offer graduate work in engineering are included. Honorary 
degrees are omitted from the tabulations, as are professional 
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degrees such as ci«l engineer, that are offered as post- 
scholastic degrees on the basis of practical experience. 

Table 8 

MASTER'S DEOREE 
Form of the degree 


M. S 


Number of institutions 
reporting 

22 


M. S. tv ith designation, as M. S. in C. E " ' ” 

M. C. E., M. E, E., etc v - 42 

•M.S. E - 6 

M. S. and M. S. in C. E 2 

C. E. (for work in course) - 3 

M - S., M S. E, or M. S. in C. E.'/depending on'na'-' 3 

ture of the program) _ 8 Dna 


Total. 


79 


' • DOCTOR-S DEOREE 
Ph. D 

D. Sc " 

Ph ' p ^;°; ^ ® c - (depending on nature of the prograni 
„ or die option of the student) 

Ph. D. and D. C. E - 4 „ 

Ph. D. and D. Eng. 

D. Eng 

D. Sc. and D. Eng". 7 r " 

D. Sc. in C. E 

Ph, D. in Eng 

Ph. D. in C. " 


\- 


23 

4 


1 

1 

1 

I 

1 

1 


Total. 


in t , glance ftt these data discloses that diversity of practice 

deg^ On bTr k a9 . 8r r t “ “ “ “ ^alaureate 
degrees. On but two points does there seem to be eeneral 

agreement; (i) That the designation of the first adfanc^ 

aad (2) tLTr e< ' rmS , 6l '°r <i “ Clude the word “masted 
word ‘‘d^m ■’ T ° •J Ugh K < f ‘ *«"• 8hu “ ld i»dude tho 

cnmlov the lrH . cons,d< ’ ra '> e. -"ajonty of institutions 
fi J“ ^ th ?? engineering * m the designation of the 
fort advanced degree, but in a considerablo maTontVof 

“ ra t W f°„ t1r,T aPPear “ the of^ the 

Ph D lit, th f. Io «f «*e the classical designation 
• ' ““ beM1 retained by about two-thirda of aU the iosti 

utions that offer doctoral programs. This -may be due in 
eome measure to th. feet that control of the gr»t£gofth“ 
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doctor’s degree is vested in most instances in the graduate 
schools of our universities and only the single designation of 
all doctor’s degrees has been retained. 

In response to a question as to the preferred form of 
designation of advanced degrees in engineering a great 
majority of those who replied endorse the form employed in 
their own institution. 


f ™ J T X 0 fE^TIONSHIP OF GRADUATE ' 
WORK TO UNDERGRADUATE WORK' 

ters, could ha™ It " pZ <*•? 

effects on undergraduate work ™ P0 ‘ tant 

DOW *“ 

even preceding it rapid growth of graduate work, and 
Mn g place, quiteldeSl.TrttfoT 86 J" 3 

cojtrab,e meaa^tottT^S *“ deTOted ' “ 

influence of graduate work nn nnri^ i ® ^ wa ^ > 

£*“ *» «“> ~ent just rlnSdtnd 

«&S5 t=S 3 «s 

asssriar^ 

:3- « •«” •*~-iTRd!sr 

aswth^herTh?: ‘’"‘T’ f - the ^tions We* not 
^.whet her the reverse of the tendency mentioned in the 

' on I^Uon 17 of Um questionnaire. 8^. ppwidll . 
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first question had been observed. However, information on 
that point was given voluntarily in a number of replies. 

In answer to the question as to the transfer of Work from 
undergraduate curricula to the graduate field, 48 of 79 
correspondents replying stated that no such tendency had 
been observed. Eighteen institutions reported that there 
had been such a tendency, and 10 volunteered the informa- 
tion that the tendency had been the reverse, namely, subject 
matters had been transferred from graduate to undergrad- 
uate curricula. ^ Apparently there has been a good deal of 
difference in the trends in different institutions. Strangely 
enough, two schools of engineering in the same university* 
report opposite tendencies. The whole matter is of so much 
interest and importance that a few replies may be quoted 
as indices of the general trend. 

In relation to the transfer of work from undergraduate to 
graduate curricula one rcoarespondent writes: “Y. &S 1 ,' the 
tendency has been to stress fundamentals and humanistics 
in undergraduate work and to offer the more specialized 
topics in graduate courses." Another says: “Yes, due to 
increase in requirements in fundamental sciences, economics, 
and electives.” These two replies are typical of several 
explicit statements- indicating that the effects of the intro- 
duction of graduate work, has been to cause greater stress 
to be laid on ^fundamentals and to cause the transfer of- 
certain of the more advanced specialized engineering courses 
* to the graduate field. 

Another group of replies may be illustrated by the fol- 
lowing typical answer: “No; but many new courses have 
. been develqped [ir^ the graduate field). ” Several others 
state that the contrary trend has prevailed, and that certain 
subjects, formerly considered as of graduate status, are 
now offered in the later years of the undergraduate program. 

Replies indicate y^y clearly that the demands of graduate 
r work are for a more fundamental ahd sounder training in 
the basic elements of engineering science. The program of 
graduate work appears, therefore, to have become some- 
thing of a measuring stick by which the adequacy and 
effectiveness of undergraduate work may be evaluated. 

' Replies also indicate that the influence of graduate work 
is to direct undergraduate engineering education, by and 
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* 

large, into the more scientific phases of the design and 
research functions of engineering, and less into the opera- 
tion, administration, and sales functions. There can be 
no dissent from the aim of placing engineering education 
on the highest possible plane of quality and effectiveness, 
and it is probably correct to say that the influence of grad- 
uate work has been in that direction. 

A® to other influences of graduate work on undergraduate 
work, the following quotations are offered: 

One correspondent writes: “The development of grad- 
uate work has naturally improved the character of under- 
graduate teaching.” This is doubtless the most beneficial 
effect that graduate work could possibly have on the general 
character of engineering education. Another correspondent 
phrases the same general thought in the words: “It lias 
improved undergraduate work and placed it on a higher 
plane.” Another writes: “It has intensified the scientific * 
character of the undergraduate program. Less emphasis is *. 
•being placed on the practical.” Another says: “It has 
reacted to increase emphasis on fundamentals and 6n the 
scientific subjects of undergraduate curricula. The tend- 
ency of undergraduate courses to be planned for the more 
highly specialized graduate courses has been emphasized.” 
Another writes: “There has been more emphasis on the 
scientific basis of design and Jess on mere drawing and 
routine computations.”. Another'* notes: “Informational 
courses have been abandoned.” 

A trend differing from those just quoted is noted by one 
who writes: “Graduate work has helped to keep under- 
graduate work from becoming too technical, with too little 
humanities, etc. It has tended to make undergraduate 
work more general-.” 

. As to changes in methods of instruction, replies indicate 
several interesting changes in undergraduate work. One 
states: “More use is now being made of the conference and 
research methods of instructioq.” “It [graduate work) 
has been a great stimulus to scholarship. Small research 
projects have been introduced for seniors.” ' Another says: 
“Time in class has been reduced and mope out-of-class work 
has been required/’ Another summarizes the situation by . 
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remarking: “It has raised the level of original and inde- 
pendent work throughout the institution.” 

As a concluding quotation, the following may be cited as 
indicative of the general leavening effect of graduate work 
through engineering education at large: “The effect of 
graduate work has been revolutionary, stimulating the 
faculty and the interest of the students in their work.” 
As a final effect, graduate work appears to have tended to 
fix 4 years as the normal length of the undergraduate pro- 
gram. No positive, evidence of this influence can be ad- 
duced from the replies to its inquiries, but it is believed that 
the lengthening of the, general program of engineering 
educatio^ through the widespread provision of a fifth year 
of work for the master’s degree is tending to effect^the 
lengthening of the normal period of engineering education 
that has been so often and so strongly advocated. That 
any considerable number of institutions will provide both 
the longer undergraduate curriculum and added years of 
graduate work for advanced degrees does not seem probable. 


V 


CHAPTER X: SUBSIDIZED GRADUATE WORK, 
SCHOLARSHIPS, FELLOWSHIPS, ETC. 1 

D ATA ARE given in tne following paragraphs relating 
to the number and type of subsidized opportunities 
for graduate work that are open to engineering stu- 
dents. The several statements are largely self-explanatory. 

There was a gain in total funds provided throughout the 
country for this purpose from 1932-33 to 1933-34, though 
most of this increase was in a single institution — Massa- 
chusetts Institute of Technology. 

- It is also significant that as many as 249 teaching fellow- 
ships and assistantships are available, an average of 6 per 
institution reporting them. Many of these graduate follows 
and scholars are assigned to workers laboratory supervisors, 
but a rather large proportion are assigned to regular class- 
room instruction. The practice of using graduate students 
as classroom teachers has been followed .to a greater or less 
extent for a long while, but it has grown rapidly as a result of 
curtailed budgets and expansion of programs in the past 5 
years. Attention is called to this situation as one deserving 

most careful consideration. 

• , » 

SCHOLARSHIPS AND FELLOWSHIPS CLASSIFIED 
• ACCORDING TO TYPE 

Fellowships and scholarships making no demands on the student's lime:' 
Total number available, 426. 

Stipends range from remission of tuition to as much as $1,500 per 
year. Most of the stipends are less than $500 per year. Many 
are from*$MO to $300 per year. 

Fellowships and c^rnlariUhi^^uiring part-time service in research or 
testing: . jf 

Total number a^ilt^le, 124. 

St ^ends ^jpg^eU-om a small sum, such as $100 per year, plus 
relfttSSion of tuitibi} and fees, to as much as $1,000 per year, 
without remission of tuition and fees. The modal tendency is 
toward $400 to $600 per year. 

* Time required in research or testing ranges from 6 to -8 hours per ' 
week tp full time. Half time to the institution and half time 
for study is a common arrangement. * 


1 Based on Question 14 of the questionnaire. See' appendix. 
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Teaching or laboratory assistanlships requiring part-time service in 
instruction: 

Total number available, 249. 

Stipends range from remission of tuition and fees to as much as 
$1,200 per year, $400 to $600 per year being a common stipend. 

Services to the institution range from 4 or 5 hours per week to 
half-time. The latter is a common arrangement. 

Industrial fellowships: 

Total number available, 50 in 25 institutions. 

Stipends range from $400 to $1,800 per year, Uveral being within 
the limits, of $500 to $1,000 per year. 

Half time service is usually required. Fellowships paving the 
largest stipends — $1,500 to $1,800 per year — require full-time 
services on research. 

Miscellaneous: 

In addition to the foregoing, 18 positions of miscellaneous types 
are open to graduate students. The compensation ranges from 
35 cents per hour for occasional work to $540 per year for half- 
time duties. Work ranges from night librarian to power-plant 
operations. 1 

A few institutions also permit graduates who are unemployed jMid 
cannot afford to pay the fees to attend graduate classes without 
charge. 

Total funds available as stipends for scholarships and 
fellowships open to advanced students of engineering were 
$261,854 in 1932-33 and $293,078 in 1933—34, a gain of 12 
percent. .Most of this gain occurred in one institution — 
Massachusetts Institute of Technology. A majority (34) 
of those reporting a change in connection with fellowships 
and scholarships stated that there had heen a reduction in 
number available, or in stipends, or in both. ” A few insti- 
tutions (10) reported gains in these particulars. 

In certain instances (he numbers of scholarships and fellow- 
ships reported above dre open to graduate'ftudents of the 
institution at large. Most of the positions, however, are 
open to engineering students only.* 


CHAPTER XI: IMPROVEMENT OF GRADUATE 
- . WORK IN ENGINEERING 1 

A conclusion to>the questionnaire on which this survey 
* s based those from whom information was sought 
vere invited to state their views as to appropriate 
ways and means through which graduate work in engineering 
may be improved and also as to their view’s on the general 
principles and policies under which it should be conducted. 
Replies to this question proved to be extreme lv interesting and 
valuable. Almost aU could be quoted to advantage; limita- 
tions of space alone have dictated a choice from among those 
submitted. The following selections have been chosen 
chiefly with the idea of covering the general range of sugges- 
tions; those that were found in several replies have not been 
repeated. The general matter of principles and of policies 
relating to gradMate work is divided into two sections in the 
material which follows: The first is a compilation of state- 
ments of a general nature. The second section relates to a 
more specific aspect of the matter having to do with regional 
planning of research work and of graduate study and of 
cooperation therein with a view to development without 
needless and expensive duplication of effort and scattering 
of resources. 


VIEWS OF CORRESPONDENTS AS TO GENERAL 
POLICIES AND METHODS 

1. The graduate faculty of engineering should be largely 
relieved of all duties of undergraduate instruction, save 
perhaps where a teacher gives one course in the senior under- 
graduate year The time of the graduate faculty should be 
divided evenly between instruction and experimental 
research or other form of creative ^activity contributing to 
the advance of the state of the art in the respective fields. 
In this institution, and I believe in most others, the faculty 
giving graduate instruction is overburdened with duties of 
undergraduate instruction. 

2. It will produce disaster and chaos for institutions in a 
common te mtory to campaign by subsidizing prospective 

1 Bated on question* 18 and 19 of tbe questionnaire. See appendix. 

* 71 ~ 


72 GRADUATE WORK IN ENGINEERING 

graduate students and becoming rivals in this respect at the 
expense of the State. 

3. Too many students have been taking graduate work 
during the past 4 years because they could not find satisfac- 
tory positions in industry. In many schools this has meant 
simply a continuation of their undergraduate study. The 
same methods, the same type of studies, and the same labora- 
toiy equipment have been used as when they were under- 
graduates.. Graduate work in engineering ought to be for 
the minority who can profit by it. Tne incentive for crea- 
tive work should be the test. I do not favor the restrictive 
laboratory research followed at many schools. That is, 
where a school by reason of its location is isolated frpm indus- 
try and where research facilities are restricted to certain 
laboratory equipment, there is too much tendency to assign 

g raduate research to trivial problems which may be solved 
y means of the particular laboratory equipment available. 
Graduate engineering research should be broader than this. 

4. We should like to see greater emphasis on research in 
the graduate program and corresponding reduction in course 
work. We believe the examinations of graduate students 
should be completely overhauled alolSg the lines of the typi- 
cal comprehensive examination. 

5. In a study of catalogs of Nation-wide selection one is 
impressed by the low percentage of engineering faculty mem- 
bers who have done graduate study and, in particular, those* 
who hold earned doctor’s degrees. In my mind those who 
give graduate courses should not only have done substantial 
graduate study but should also have published substantial 
papers of a scientific and not trade-journal caliber. _ 

6. I believe that what is most needed in engineering in- 
struction in this country is an elevation of the entire under- 
graduate curriculum in most schools. , Our entrance require- 
ments as a rule are too low. Good graduate w'ork can really 
be done where and when the fopndation is substantial. 

7. I believe there is a real need for the development of 
graduate work in engineering on a part-time basis in urban 
institutions. This would provide many engineers an oppor- 
tunity to carry their education beyond the undergraduate 
level without the expense of additional years of residence in 
school. 

8. We have insisted that work for the M. S. degree shall 
be a distinctive and advanced educational prpcess req uiring ; 
a considerable degree of individual and semi-dependent 
work — with a discipleship relation between the student and’ 
some senior member of our staff. We question the propriety 
of giving an advanced degree for a mere prolongation of the 
undergraduate progran^ , 
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coje^ 
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£irar for the 9mau * « » 
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sional courses into the undergraduate yfara ttevhS™ to 

years of graduate professional work on a good foundation. 

COOPERATION AMONG INSTITUTIONS "lN THE DEVELOP 
MENT OP GRADUATE WORK IN ENGINEERING 

It appears from an analysis of answers to {his phase of the 
mquiry that the large majority of.enginecring schools favor 
some form of ratronal development of graduate work in 

shferaM * ! I 'f OD * 1 T or nationttl There is con- 

:Xt"a! ° f " 83 40 the beSt » ay “ f 0btaini “« 

Several schools believe that a series of conferences of 
representatives of institutions would be helpful; others 
recommended that the Society for the Promotion ot End! 
eenng Education, the professional engineering societies or 

beVThestW C0 ', mCl1 for Professional Development would 
e the best integrating agencies in developing and coordinat- 

mgalong-tuneprogram of graduate study and research. 

Lndr”T, C p n 0 “° Cl1 » n , Edu “«0“. Association of 

Resets egM r d UniTcrsities - “> d the National 
thnuvht^ i^ouncU are also mentioned in this connection. A 
thought that recurs in several replies is that individual insti- 
tutions should not be prevented but should be encouraged 

to develop along thcirown lines. ^ 

idPftnT 17 !? 0 “? stitutions expressed approval' of the general 
IhZlA h br °? d program of cooperation but stated that this 
tnaro“, n° ny With t'' e Deeda of regional industries. 

« ** *» •- 
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Replies from 10 institutions stated that the general con r 
trol of research as indicated in the topic cannot be accom- 
plished, or even if it were possible that it would be undesir- 
able. A few are willing to have some control exercised in 
certain specialized fields only. 

A few specific statements of opinion are given herewith; 

1. It is doubted whether graduate work (at present any- 
how) can judiciously or wisely be “guided.” It will neces- 
sarily grow' out of local talent, facilities, and interests of 
students. The professional or national needs should pre- 
dominate over local considerations as a controlling principle. 

2. An engineering school in an industrial center can, w ith 
cooperation with neighboring industries, offer a type of pro- 
gram impossible for the isolated school. Engineering re- 
search on actual industrial problems using the facilities of 
both the school and industry opens a field without limit. 

3. Graduate students flow' to institutions where the out- 
standing leader in his field resides. Graduate offerings will 
reflect regional and State needs ratheV than national needs. 

4. Institutions should be permitted to develop their 
graduate work free from all regional, State, or national 
control. Naturally they will cooperate with the several 
kinds of authority as far as possible. 

5. Graduate work should be developed so as. to make 

E roper opportunities available in each locality or region. 

luplication of facilities in adjacent schools seems unneces- 
sary and expensive. A cooperative agreement or a code of 
practice might be worked out for the entire country. 

6. The general economies of the situation may demand a 
certain degree of specialization in certain institutions -and 
the avoidance of too much duplication of staff and equip- 
ment. Some institutions have already developed certain 
branches more than others. It would be better to emphasize 
these rather than to spread out. 

7. There should be recognition of work done in certain 
engineering fields by a limited number of proper geographical 
distributions. Other institutions in a given geographic area 
should not parallel the w r ork. 

8. Engineering graduate work should be permanently (a) 
to train men for research work fin industry; (6) to supply a 
higher grade of engineering teachers. With these objectives 
as fundamental no national, regional, or State guidance is 
necessary. 
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9. It yould good to have meetings "of deans or professors 
of specmc departments at a regional conference to discuss 
and assign, specific problems to at least two institutions 

th 0 V vork r ° feSSOrS &nd eqmpment best fitted to carry out 

1 T*lf re sb ® u ^ d be> at least a well-organized* and effective 
clearing house for research and graduate work, both as to 
personnel and equipment of the different institutions in this 
country. 1 here is too much pseudo-research and graduate 
work in many of our institutions, developed under adminis- 
trative pressure from “higher up” to'secure greater publicity 
when adequate facilities are not provided for the work* in 
question. 

Honesty and integrity in graduate work and research are 
similar to the problem of honest ajnd clean intercollegiate 
sports; it rests with the conscience bf the individual institu- 
tion more than anything else. 


CHAPTER XII: INDlisTRY AND THE GRADUATE 
♦ OF ADVANCED COURSES 

T HE QUESTION is frequently raised whether the engi- 
neering student with an advanced degree gets employ- 
ment more readily and of how his advancement com- 
pares with the man with a bachelor’s degree. 

Since 1930 there have been lamentations about the scar- 
city of positions for college graduates. It is. difficult to ob- 
tain a position, but several studies indicate that engineering 
graduates through persistence have beep able to find jobs. 
It has been found in a recent study that engineering college 
graduates of the classes of 1931, 1932, and 1933 are rather 
consistently placed to the extent of approximately 60 per- 
cent. Later "studies indicate that more than 57 percent 
of the electrical engineering graduates of 1934 are satisfac- 
torily placed. A study by Purdue University of their gradu- 
ates from 1928 to 1934, inclusive, revealed that in 1929, 20 
percent found employment before graduation; an additional 
60 percent within 2 weeks; and approximately 15 percent 
more within 3 months. I^or the whole period 9.9 percent 
found employment before* graduation; 39.5 percent more 
within 2 weeks after graduation; and 23.7 percent within 3 
months after graduation. In other words, while in 1929 
more than 95 percent found first employment within 3 
months after graduation, the average over the yeaip 1928—34 
was 73.3 percent finding employment within 3 months 
•after graduation. In the fall of 1934 when the study was 
made 91.3 percent of the graduates of the classes of 1988-34 
inclusive, were employed. This indicates that engineering 
graduates are overcoming difficulties and are finding em- 
ployment. Employers looking for men tell me it is difficult 
.to find first-class applicants from the so-called depression- 
year classes. Professor Leutweiler of Illinois had a request 
fol* some of his recent mechanical Engineering graduates. 
He wVote the graduates of the recent classes and not finding 
enough prospects, he wrote to all-his%raduates from 1922-34, 
inclusive. Less than 6 percent replied that they were 
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tmem ployed. As there were prospects of employment it 
seemed to. him reasonable to draw the conclusion that all 
those unemployed and wanting work would reply. Of those 
replying, 62 percent were employed and satisfied ; 31 percent 
were not fully satisfied with present positions and opportu- 
nities. These facts are given (in regard to the employment 
status of recent engineering graduates) as a background in 
considering the question if postgraduate training in engineer- 
ing is an asset in getting placed and in future progress 
Letters were written to the deans or placement officers of 
the 20 engineering schools and universities which granted the 
largest-number of master’s and doctor’s degrees in engineer- 
ing in 1934. Replies ^ere received from 17, representing 
close to 60 percent of the master’s degree group and more 
than 95 percent of the doctor’s degree group. Recognizing 
the impracticability of getting statistical data, the letter of 
inquiry requested that the reply give such information as 
was available along lino$ of a submitted series of questions 
which were considered as merely suggestive. The replies 
were, on the whole, to the questions as submitted, so this dis- 
cussion will deal with the questions asked although k is 
recognized that they did not adequately cover the subject 
<Lhe first questions were: “Do engineering students with 
postgraduate degrees get employment more readily than 
those with bachelor’s degrees? Is the same thing true for 
the various branches of engineering such as chemical engi- 
neering, civil engineering, electrical engineering, aeronauti- 
cal engineering, etc. ? ” 


The replies varied from the extremes of “Unquestionably 
yes to In most cases, no." Two out of three replies re- 
ported that their experience showed that the postgraduate 
degree group has found employment more readily. Empha- 
sis was placed upon graduate work being especially advan- 
tageous for teaching positions, for research, and for distinctly 
engineering work. A number of replies stated that those 
wth advanced degrees probably found employment more 
readily, borne qualifying statements were “Practically no 
difference for those with M. S. only"; “Past experience indi- 
cated yes, but case was completely reversed this year"- 
98 percent advanced degree men placed as compared with 
83 percent bachelors." 
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The consensus of opinion was that graduate work in engi- 
neering is advantageous in obtaining employment for all 
branches ot^ngineering. There was unanimity of opinion 
that it was of value in getting a position in chemical engineer- 
ing and metallurgical and ceramic lines. The majority felt 
it was so in electrical and mechanical engineering, while the 
most doubt was expressed in the case of civil engineering 
graduates. p 

The second group of questions w r ere: “Are the men with 
graduate degrees accepting positions formerly filled by men 
with bachelor’s degrees? In other words, are they accepting 
positions in which there is no need or occasion to use the 
technical material and methods studied in the postgraduate 
years? If so, would the men continue to be happy on that 
type of work when industrial conditions improve?” 

There was considerable feeling that the postgraduate de- 
gree man is accepting the type of position filled by the bache- 
lor degree man in former years. It vyas felt that this will not 
produce a problem for the future because being better 
qualified he will make better progress. One reply stated 
that employment standards are rising and another that some 
of the jobs were formerly filled by men with bachelor’s 
degrees because of the shortage of men with graduate de- 
grees. Still another reply raised the question whether in 
the adjustment to new conditions the individual might not 
have to find his ego satisfaction in his avocation. 

The third set of questions were: “Is there any indication 
that the graduate grQup has been diluted in ability by in- 
creases in registration resulting from inability to get employ- 
ment? If so, is there any indication that this lower ability 
group improve their chances of getting a position by taking 
graduate work?” 

About half the replies indicated /hat there has been dilu- 
tion in ability along with the increase in registration since 
1930. This dilution appears to be much less now than in 
1931 and 1932.' It was felt that even in those cases where 
there was dilution, those of lesser native capacity improved 
their employment chances by taking graduate work. 

The question was raised “How does the engineering grad- 
uate with a B. S. degree who returns for further study in 
other dhdergraduate engineering courses or who takes some 
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graduate studies without completing the requirements for an 
advanced degree fare in obtam% a position as compared 
with the man who has his B. S. degree only and w ith the man 
who has a graduate degree?” The replies showed that very 
few B S. men have returned for undergraduate courses 2 

b t e di/n:rs 3 ,r d that those wh ° took ™ 

but did not fulfill the requirements for an advanced decree 
d'd not improve their employment prospects appreciably’ 
There was nothmg to show that any particular type of 
industry ,s especially active in employment It is ^cog 

wkhthTtc “ dUSt ™ S Sre taki » e few “<® compared 

with the years previous to 1930. Government projects are 

employing quite a number of engineering gradual esne! 
cia y ci engineers. The others are finding employment 
m smaUer diversified industries. Starting rates haveron- 
tinued to decrease from 1929 until reaching a low in 1932 
and have increased slightly since then. The increments k,' 
starting salaries between men with bachelor’s, master’s and 
doctor’s degrees have also decreased. Estimates mvre the 
starting salary for a man with a master’s degree in the neigh 
bprhood Of $ 100 to $125 a year more than for the mnn with 
l“ r 3 degree - , Starting salaries for men with their 
■ degreM are less standardized, but vaiy from $300 

ta $500 a year up more than for the bachelor’s d^grregroup 

tdeM : sta rtmg salaries are higher than for men with 
achelor 9 degrees, the classmates of the advanced decree 
men who accepted employment at the time of receiving their 
B S. degrees have usually advanced to a higher sala^ than 
the starungsmaiy for the advanced degreetlsmS th “ 
While the preponderance if opinion is that men with 
° btain P° 3ition3 more readily than those 

nofhe f ^ °u S d T th ® repUe3 emphasized that it must 
not be forgotten that success in life depends primarily on 

we^ht miis^^t “t 7 ’, “1 n “ tiVe abUity “ nd that tnolnuch 
jght must not be placed on graduate study as being the 

"I?” f ° r adTanced de « ree men getting placed rfflre 
remhly. It was pomted out that men taking graduate work 
are m general of superior qualifications and That they are 

fact thTt rh re k ( T 6 rep V laCed con8 iderable weight on the 
tact that the faculty members are better acquainted with the 

graduate students and accordingly take a greater pereonal 
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interest in them, resulting in their coming to mind more % 
quickly when asked to recommend someone for a position. 
Apparently some new types of positions have been created 
in some industries calling for men with graduate engineering 
training. 

(Pontacfc was also made r with a number of industrial con-- 
cerns. The consensus of opinion was that graduate work in 
engineering is an asset for research, design, and highly 
technical positions, but that it is not of measurable value in 
strictly operational, production, and commercial positions. 

A greater percentage felt that the graduate group has been 
diluted in ability and that greater care must be exercised in 
selection. There is general agreement that the men who 
return to college after getting 'their bachelor’s degree are 
better prospects for employment than the men who accept 
nonengineering employment until conditions pick up. The 
majority of men accepting nonengineering deployment for- * 
get their engineering principles and are at* a disadvantage 
when openings do come up. 

As for future progress, there is some statistical evidence 
that men with graduate training make better salary progress 
in the creative branches of engineering but on the whole then- 
progress in operational, production, and commercial work is - 
of the same order as that of men with bachelor’s degrees. 
Men in the analytical and creative types of work who con- 
tinue their studies rank in rate of progress with the men who 
received their graduate degrees ^before employment.- Pro- 
fessor White, of the chemical engineering department of the 
University of Michigan, gave some definite data in a paper 
he presented at Atlantic City in December 1931. The table 
showed that at the end of 10 years after receiving their first 
degrees, the median salary for men with the bachelor’s degree 
was in the neighborhood of $3,800; for men with 1 year of 0 
graduate work in the neighborhood of $4,600; and for men 
with 2 years of graduate work in the neighborhood of $5,400 
in the research field. There also appears to be less turnover 
for men with graduate degrees. This is true for production 
and operation forces as well as for the research and develop- 
ment positions. 

It appears that men with graduate engineering degrees are 
findin g positions at higher starting compensation than men 
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with bachelor’s degrees. These starting rates in a'given 
company are generally less than the current rate of engineers 
who received their bachelor’s degrees at- the same time but 
accepted employment instead of returning for further study. 
In work of a creatlvo nature the men with graduate work 
appear to have made more rapid progress than the men with 
bachelor s degrees who did not carry on cohtinuing study 
programs. There are no data to support the theoiy that men 
with graduate degrees made more rapid progress in engineer- 
mg work of the operational and productive type. However 
the rate of turnover for men with graduate degrees has been’ 
lower than for. men with bachelor’s degrees. Will these 
same things be true for the advanced degree men who are 
bemg graduated now in increasing numbers and are entering 
different lands of employment? Only time will tell. 












CHAPTER XIII: INTERPRETATION OF THE SUR- 
VEY BY THE COMMITTEE 


F ROM A position of minor importance, graduate work in 
engineering has advanced to one of great significance 
during the brief period of the past 20 years. Such rapid 
development could not ifave taken place without intensify- 
ing certain existing problems, as well as creating new ones. 
In many ways these problems have been made more difficult 
by the fact that the most recent stages of the growth of 
graduate work have taken place during the most severe and 
long-continued financial depression that has occurred since 
engineering, education reached its majority. The situation 
thus produced calls for study based upon wide and accurate 
knowledge of all the relevant facts. It has been the purpose 
of the present survey to assemble such facts. These have 
been presented ' in the preceding chapters of this report. 
This concluding chapter embodies the discussion of those 
facts, os w ell as conclusions relating to certain of the broader 
aspects of graduate work, by the Committee on Graduate 
Study of the Society for the Promotion of Engineering Edu- 
cation at whose instance the survey was undertaken. The 
statements and discussions contained herein are tentative; 
they are essentially the opinions <|f the committee and are 
intended chiefly to provoke further thought in certain direc- 
tions. It is probable that no final judgment can be reached 
at this time as to many of the problems under consideration. 
Time will be required for movements now in progress to take 
definite directions and for thought concerning them to ma- 
ture. The time is appropriate, however, for widespread 
discussion. It is this that wo hope to evoke. 

GRADUATE WORK IN THE GENERAL PROGRAM OF 
ENGINEERING EDUCATION 

It is basic, we believe, that the broader aspects of graduate 
work be considered in relation to the field of engineering 
education as a whole. The following fundamental questions 

to which results of the Purvey direct attention may therefore 
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be stated: Should graduate work be considered essentially. 

as a continuation of the ordinaiy collegiate program of 

engineering instruction forming part of a definitely X*. 

grated program with no sharp differentiation as to tvpe of 

work or methods of instruction; or should it be clsidered 

ns a rather uniquely different stage of work specially adapted 

to the needs and abilities of the gifted minority and' intended 

o fit them for distinctive places in science and industre? 

Is the problem essentially one of increasing the duration! 

. the normal program of- engineering education so as to 

P r ™I J6 ffi a “ore liberal, and less crowded program 

or t it^ne of * ^ thorou ffbly all that is attempted; 
or is it one of providing a program of two fairly distinct 

stages of essentially different characteristics? Should The 

i e X P 7‘“ ° f ad ™ Ced Work be widespread; o 
should they be concentrated largely in those institutinnm 

possessing exceptional staffs and facilities? Study of the 

^ ente 172 “f™ th<> » observation that tt 

Swl te ’,t d , h ° UBh lt may not be 03 dearly or sharply 
defined as the alternatives suggested by the wording of 

It TnZT J ° na W0Uld •• indicate, it seems clear Lt 

it would be rn the general interest of engineering education 
ff .t could he clarified. The problem is dosely sTotta? 
of course, with the question of the length of the undergradu- 
ate cumculum. Programs of graduate work following s 

sxZt°lrZ th gn ,' , n U> 8tUdy WOUld dmer to an important 
extent from those foUowmg 4 such preparatory yeare The 

situation m also complicated by the problem of the under! 

paduate cumculum of junior and senior stages, aa adopted 

m a few institutions, and by the rapid growth in numbere of 

junior coUeges This whole matter has so mTnyCSlL 

LLd LL f^ 8 di9CU8sioa of i‘ woidd lead far 
yond the scope of the present report. We would remark 

howpver, that the effect ef the growth of graduate work- 
doubtleaa the most important recent development in 
engineering education will probably be in the direction 
of causing 4 years to be retained as the nomtal S e 
undergraduate work. It seems unlikely 
ons will move toward the provision rof 6-year undergradu- 
C ^ !. WM 7 6 8t the tin “ devoting their eneigiea 
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and resources to the development of their programs of 
graduate study. 

While advancing no conclusive answer to the question of 
the definiteness of distinction between undergraduate and 
graduate stages of engineering education, your committee 
believes that developments are likely to be in the direction 
of graduate work of a fairly distinctive nature. It is quite 
possible that the termination of the conventional 4-year 
course marks a point of diminishing returns in the education 
of many of our students, and that a distinct advantage is ' 
to be gained from a clearly marked termination of one stage 
of the program with subsequent reentry to the higher phases 
of work on the basis of selective admissions. 

As to the importance and magnitude of the place that 
graduate work is to occupy in the general scheme of engineer- 
ing education, evidence already at hand indicates clearly 
that it is to be one of. great and fundamental significance. 

It should be one of corresponding soundness.* In this con- 
nection we venture to express the view that it might be just 
as well to consolidate and strengthen the position already 
achieved by the recent advance into the field of work for the 
master’s degree before any further widespread movement is 
made into the still more advanced stage of work for the 
doctorate. 

GENERAL CHARACTERISTICS OP GRADUATE WORK 

We present two aspects of this matter: First, fundamental 
characteristics of graduate study; and, seoond, content and 
methods of instruction. 0 

Fundamental characteristics . — Two distinctive features 
should, we believe, characterize a program of genuine grad- 
uate study: Concentration in a somewhat limited and a fairly 
well-defined field of study ; and a rapidly increasing degree of 
initiative and self-motivation on the part of the student as 
he progresses in his work. The former characteristic 
implies a high degree of attainment and of mastery on the 
part of the student and requires a correspondingly more 
profound mastery of his field of work on the part of the 
^cher. Fortunate indeed is the institution that can num- 
ber among its faculty any considerable number of men 
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having such mastery in a variety of fields so as to provide 

®Tj Tane f opportunities- for its advanced students 
and who can also so direct their students as to develop in’ 
em qua ties of initiative and resourcefulness. It is the 

conSte in o 6 ° a ' 3 C \ PreSSed in the9e statements that 
conshtute, in our opinion, the core of the problem of graduate 

d«»r‘l! a .w thered “ lhe “ urs6 of this survey indicate 
clearly that programs of graduate work, in comparison with 

undergraduate programs, place emphasis to a marked degree 

on the more highly scientific and technical phases of engZZ 

«Lm an C d m that &t 7 J, f liMle Weight is giTen 10 anomic 
I actors, and that almost no tune is devoted to what are 

commonly called the liberal or humanistic elements ■£ 

trend appears to be strongly toward the design and research 

e T eermg “ «« *un of graduTtet'trXn 
with little emphasis upon the administrative function It 

rz ctridZnlf ° r , tttCitly assun,ed “ony that this 
e chief if not the sole aim of graduate instruction If 

this assumption is, indeed, generally held, there would seem 

to be need for careful study of this aspect of graduate wTrk- 

ZZ Zr ,? d be «*"" to the Pities of Zt 

effectd^TnH T th ® graduate Beld ' *milar to that 
effected m undergraduate work by the introduction of 

courses and curricula emphasizing the economic and ad! 

ra lve elements of engineering activities. While the 

attainment of deeper and broader knowledge of the balie 

P ysical and mathematical sciences throughout engineering 

education is an end of unquestionable soundness jfmZZ 

remembered that engineering Undertakings always have an 

econonuc aim and motive, and that they are the product of 

coordinate! 1 human endeavor. It is seriously to be ques- 

‘ ®“ ed ’ 7f ref ° re ’ , whether development of and emphasis 
upon mathematical and physical science in graduate work 
m^ut proportionate development of the^conomic and 
ednumatrative dement would, in the end, be in accord “th 

he fundamental aun of education fSr be bread TS of 
industry and engineering. d of 

requirements.— In work for the doctorate a 
reading knowledge of two modem foreign languages is ra- 
quired almost universally. Apparent Z^StL" 
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requirements of work in pure science, the classics, and 
philosophy have been adopted in engineering without 
much consideration of their relevancy. It is of some sig- 
nificance, perhaps, that in programs of work for the master's 
degree, which have developed in closer relationship to 
. undergraduate work in engineering and often under the 
direct guidance and control of the engineering faculty, 
language requirements are usually not imposed. Further 
study might well be given to this whole matter. 

Methods oj instruction and guidance . — The effects of the 
relationship of graduate study to the customary standards 
and practices of the graduate school on the one hand, and 
to the undergraduate Work of the engineering college on the 
other, are exhibited also in the methods of instruction and of 
supervision and guidance of work that are employed. In 
doctoral programs, after the stage of attainment of the 
master’s degree has been reached, there is a minim um of 
formal class instruction, more use is made of the seminar, 
and much greater emphasis is given to the doctoral thesis 
wherein the student consults with his adviser individually. 
These methods are employed almost universally throughout 
the university graduate school, and are so well understood 
and so widely endorsed as to call for no further comment. 
In work for the master’s degree, however, there is greater 
diversity of practice, and in many instances methods approx- 
imate more closely to those of the upper undergraduate 
years: Formal class instruction is common; practice in the 
use of the seminar varies widely ; and there is even a good 
deal of diversity in the degree of independence and of initia- 
tive permitted to the student in the selection of the .topic of 
his thesis and to his work thereon. Furthermore, as. will 
be discussed later, in many instances graduate students are 
permitted to accumulate credits in a certain number of 
undergraduate courses where the customary methods of 
formal class instruction are employed. On the average, 
about one-fourth to one-eighth of the credit requirements 
for the master's degree are allotted to the thesis, in which 
really individual self-motivated work is done, while the 
remaining units are usually in regular course work in which 
methods of instruction approximate closely those of under- 
graduate work. It is a little hazardous, perhaps, to attempt 
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wZ? ch ‘ racteri2e the "’"hods of instruction employed in 
work for the master’s degree in terms of a general average 
but a careful study of all the data submitted in the courZof 
the survey indurates that the general trend is aboTt as 

mm Cate i eT ! n tb0Ugh eXCCptions and deviations are fairly 
numerou* Apparently the belief is held rather widely that 

Aere cannot or should not be any abrupt change in methods 

trrr r tbe student '**• •as®* study 

s^a&n tetd 0 ’, Pr0dUCed by tho P™"* genera 

situation tend to impose a continuation of the methods of 

undergraduate work into the first year of graduate study 

In this connection we would reiterate our belief expressed hi 

'T 10n °l th ‘ 3 r ® port > that g“tdne graduate work 
shouM be characterized by a rapidly increasing degTof 

^f-direction and of guidance rather than by formal ifstruc- 

J ! ^' 3 reas0n ’ m part ’ that w ® ta ™ sounded a 

caut,on M *> tL « rapidity of further expansion of 
graduate programs in the immediate future, or until present 
frictions, ao widely felt in engineering education .^ be 

ADMISSION AND GRADUATION REQUIREMENTS 
Admission requirement ,.— Aside from requiring applicants 

imnewT “ ttamed the baccalaureate degree, most institutions 
rnpose more or less restrictive limitations aiming to admit 

only properly qualified” students. These usually take the 
' nC , t “? ad r a3i0n 40 g raduat€a of institutions of 

insritZ 2ed . 8t<md t mg ’ ° f rcquirin? students from other 
institutions to make up “prerequisite courees” not included 

™ de ^ raduata ounicula, and of admitting only 

iTf „ 8Up6n0r ” RDdergraduate records. RestriZ 

studente** 18 at(< r , 60rt 8eem 10 1,6 imposed more strictly on 
students coming from other institutions than they are on 

graduates of the same institution, the presumption being 
apparently, that the institution is under some obligation^ 
aoRut its own graduates. 

The principle of selective admissions to graduate work is 
one . of P™ importance, fhere appeare to be' 
pportumty and need for the more widespread establishment 
of requirements of high scholastic ability as well as qualities 
of ojigmahty and self-reliance. The student's undei^raduate 
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record will doubtless have to be relied upon chiefly for evi- 
dence of scholastic ability, but more weight might be given 
to endorsement by his instructors in the form of explicit 
statements as to liis qualifications for original and self- 
i motivated work. Possibly less weight might be given in 
some instances to the minutae of the student’s undergraduate 
curriculum. Apparently an excellent opportunity for further 
selective measures in the master’s program is being generally 
overlooked in the possibility of imposing a requirement for 
formal admission to candidacy for an advanced degree after 
a probationary period of advanced study— in the case of the 
master’s program, a term or semester, Thia requirement, 
common in doctoral programs, is in effect also as to work for 
the master's in some institutions. In view of the fact that 
qualifications for work that is, or should be, to § considerable 
degree self-motivated are judged far better during the pursuit 
of such work than they are by the examination of a record of 
grades in undeigraduate work, the more widespread adoption 
of this means of selection might be given consideration. 

As to the admission to the doctoral program, whether the 
master’s degree is or is not achieved en route, procedures are 
more nearly uniform and standardized, showing the influ- 
ence of the university graduate school. The stages of ad- 
missions procedure just mentioned, i. e., preliminary 
admission to study with later formal admission to candidacy, 
are well-nigh universal. The practice has stood the test of 
long-continued usage. 

Graduation requirements —As measured by credits, re- 
quirements for the master’s degree range from 24 to 36 
semester hours, this unit being defined in the same way as 
m undergraduate work. One year of residence is required 
except in the case of two institutions which require a mini- 
mum of 2 years. TheNftesis is usually weighted at from 4 
to 8 units, 1 or about 20 percent of the total, the proportion- 
ate amount of research as compared to course work being 
about the same. Work for the master’s degree in engineer- 
ing is planned almost universally as a terminal program, 
even if it is anticipated that some students will later go on 
for their doctorates. (Its general nature is indicated in a 
way by th e term “little doctorate" that is sometimes 
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applied to it.) This is in contrast with certain other 
dmsion, of science in which it has become, rather common 
to discourage students aiming at the highest degree from 
acquu-mg the master’s degree on route, the purposXinZ 
have them concentrate on a single piree of rSoamh 

two n* 1 '" 6 . the C °“ rse re< l ulrem ents, instead of undertaking 
ffi 0De m 016 p ~ - «>e Xrl 

nr *7 **“ doctor ’ 9 d< &<* »™ not usually ex- 

ve»« d r T ° f unUs or credits * but simply in terms of 
years of res, deuce; 3 yearn after attainment of tho bac- 
calaureate degree being universal «n fnr oe/ 1 

' search° type" f ^ ^ ‘ he d ° Ct ° rttte ia ^ntwiy a re” 

XXffl al°r g closely the traduion "' 

ton of engmeering, especially the laZ. i’rogrmns of this 

d LZTn^n ' 6 b6Cn “"«•*«* - en^eert 

tZTi, 7 to tie VaUdit 5 r of aim and pulse a 
point touched upon earlier in this report. ’ 

We call attention at this point to one specific' aspect of 

gradation requirements, namely, the practice of clarifying 

i“ d “d y egi p sTt d w“ :r m action of 

designated “A" and “B”, or as "100™ 
is common practice to permit students to submit credits 
? . , E Bpec J fie< * in the lower, or even the lowest 

■oulslTntTd, ““I C0Ura€S ’ be “« advanced 

;rZ,X -llM g r ate “ d lmd<i nn-“<l»ate students. 

Restrictions imposed in connection with the oureiiif Tn l' 
ourses differ: In some instances only undeigraduates haX 
xceptional records are admitted to “B” courses Tn «ih g 
e proportion Of graduate programs that “e comprtd 
f courses of this type is strictly limif^H 0 ^ 

S(,ch courees “>“7 be offered as arenced^M 

mger ! tZs° r cln a T d "J* . Tbere appeflra 40 be *>“« 

mfno * con ^ ectlon » however, of padding graduate 
~grams Jy the mclusion of toopiuch work of purely imde^ 
aduate content and nature >■ 7 er ' 
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' It may be noted in this connection that there would seem 
to be no reason why graduate students should not be per- 
mitted to pursue certain undergraduate courses needed in 
the pu rsuit of their graduate programs without counting 
them as credits toward an advanced degree. 

PROBLEMS OF ADMINISTRATION 

. Forms of administrative organization under which graduate 
work is conducted vary with and are dependent upon the 
.types of institutions which offer engineering programs. 
These range in size and complexity from the small sepa- 
rately organised schools of technology to the largest uni- 
versities, and include the. entire range of institutions of 
higher learning. Except in the largest of the separate 
schools of technology, graduate and undergraduate work 
are commonly administered under the same unit of organi- 
zation, though often a special committee of the faculty is 
placed in charge of certain administrative matters, Such as 
passing upon applications for admission, and the like. Gen- 
eral policies are usually formulated, however, by the officers 
and faculty of the institution as a whole. In the universi- 
ties it is common practice to place control of the adminis- 
tration, and, to a certain extent, the actual conduct of grad- 
uate work in a separate administrative gnit, known as the 
graduate school, whicR cuts across all lines of institutional 
and departmental oiganization. This school is commonly 
presided over by a dean and its work is in charge of a faculty 
which comprises the senior professors who actually conduct 
graduate work. A more complete statement as' to methods 
of administering graduate wbrk will be found in Proceed- 
ings, Society for the Promotion of Engineering Education, 
vol. XL, (1932), page 84. 

Aside from expressing the opinion that %e simpler the 
form of administrative organization, consistent with the 
complexity of the local situation, the better, we would call 
attention to one specific problem with relatioQ to administra- 
tive organization, namely, the question of whether work for 
the master's degree, particularly in the institutions in which 
it is closely integrated with undergraduate wdrk (the bach- 
elor's degree being conferred as a ^ore or less incidental 


INTERPRETATION of the survey 


91 


:3SiL^ TnXTh'e 

school of the entire institution. Ad^atiw btT 
graduate 8 choM m^bi^^the'bm^TofHbroMl^htstitn 6 

r a nat E ure1ft “ nd POlkieS ' -~1“ 

problem. '. program wiU dictotc «he solution of this 
smaller gronpe of students and teachaT T„ > 

ss^ascKai-aas* 

^■ur^cjir^ssa .5*£ ' 

i^.tsssr* - “• - 

van n abt C t al a P 3r ““ S ( tudent * -««d. almost in- 
under whom he is to dHTTh * ““ pri8in S “>• Professor 
from h u "fiellBl r ,Jl '’ d ‘ TOW three •««*«» 

. not to reZ fmS co^ent 8 ™ 001 " 8 ° ~ - 

PROBLEMS OF THE TEACHING STAFF 

'• pX'zt.rsrij .r-si-r;. 1 ss 

umi tions, the problem has been acute in many institutions 
C7 the P Mt 2 y«uu it has been intensified stUl f u ther 

' menu CTr °' “? -^adua^oU 

•neats. Infonnahon gathered in this surrey indicates that 
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the additional load of instruction has been carried .in most 
cases simply by adding it to the loads already carried by 
members of the teaching staffs. So far a& can be discerned, 
standards of undergraduate work have not suffered thus far 
by reason of these increases; teachers have simply buckled 
down to the increased loads. There is some evidence, how- 
ever, that there has been a substantial increase in the assign- 
ment of teaching to graduate assistants and fellows. This 
does noC constitute the whole problem, however. Another 
and more important element is the fact that teachers of 
graduate work — the abler and more productive men — bave 
had less freedom to follow lines of individual scientific 
interest and research; they have, in general, been forced to 
carry on their work under a state of greatly increased stress — 
a condition that promises to continue. . The seriousness of 
this situation can scarcely be overstated. 

SELECTION OF TEACHERS 

Evidence gathered in the survey indicates that there is an 
increasing tendency to choose new teachers largely on the 
basis of the duration of their academic preparation. It has 
become the common practice to appoint to teaching posts 
only those holding at least the master’s degree, and in a 
good many institutions to promote to professorships only 
those holding the doctor’s degree. There is some evidence 
that insistence upon possession of higher degrees is at the 
expense of a corresponding period of experience in engineer- 
ing practice. There can be little question that the trend 
toward the requirement of more extended scholastic training 
is resulting in a more highly qualified group of teachers of 
junior rank. We are led to observe, indeed, that the" 
1) lightest aspect of the future of engineering education today 
is the quality and training of the young teachers who are 
coming in to fill die junior ranks in our staffs. We are in- 
clined, however, to raise one question in this connection: 
Whether the need for experience in professional practice is 
,nof as great as it ever was, and whether this should not be 
insisted upon? Engineering graduates m^sVdeal with actual 
engineering enterprises, and their academic training must be 
a nicely balanced combination of theoretical and practical 

elements. Teachers likewise must possess both ability in 

' ’ 
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theory and practical insight into its application lest their 
teaching become purely scholastic and. sterile, and lest both 
graduate and undergraduate work be cast into purely 
academic molds. • J 

In this general connection we would remark that the 
tendency to require the holding of an advanced degree as 
a condition precedent to promotion to the higher faculty 
ranks, as prescribed by some institutions, needs to be 
administered with judgment and latitude in the case of 
engineering faculties. Many instances of teachers possess- 
wg the very highest professional attainments without 
benefit of formal advanced training could be cited in sup- 
port of this statement. " 

SUBSIDIZED GRADUATE WORK IN RELATION TO 
* TEACHING 

Mention has already been made oi the fact that the 
rapid growth of graduate work in recent years has led to a 
considerable increase in the employment of graduate stu- 
ents as part-time teaching assistants. A considerable 
percentage of the graduate students enrolled in engineer- 
ing are subsidized through scholarships or some other form 
of award. We are not able to state the exact ratio of sub- 
sidized graduate students to the total enrollment, sinS 
not all of the graduate fellowships are filled by graduate 
students of engineering (in some institutions some of the 
opportunities so listed are filled by students of other branches 
of science). Some idea of the extent to which subsidized 
opportunities are available can be obtained, however, from 
the fact that m the year 1934-35 there were more than 
850 such opportunities— nearly one-third as many as the 
entire enrollment of graduate students of engineering. 

Approximately 250 of these positions are listed as re- 
quiring part-time services in classroom or laboratory 
teaching. This is approximately one-tenth of the total 
number of graduate students of engineering. While the 
aggregate of the teachinqj^fcftie by these graduate students 
is not a huge fraction of all the teaching done in engineer- 
ing colleges, it is a factor of some importance in the insti- 
tutions where the practice is followed since this is a minor- 
rty of all the institutions. These figures represent that 
portion of the practice over which the engineering colleges 
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themselves have control. In universities having engineer- 
ing divisions,, instruction of all undergraduate students, 
including engineering students, is commonly given in the 
college of liberal arts in such fundamental subjects as Eng- 
lish, mathematics, physics, and chemistry. The propor- 
tion of teaching done by graduate assistants in such cases 
is larger than it is in engineering colleges. In the aggregate u 
the practice is a fairly prevalent one. 

The type of work done and of responsibility assigned to t 
graduate students in their capacity as assistants in instruc- 
tion varies from the handling of the chores of laboratory 
routines and paper work, with some incidental supervision 
of laboratory squads, at one extreme, to acting as virtually 
full-fledged (though part-time) instructors, at the other. 

A common arrangement is to use the graduate assistant to 
relieve the regular teacher of some of the load of laboratory 
instruction and of the work incident to laboratory operation. 
This would seem to be a suitable arrangement provided the 
interests of the graduate student are safeguarded and he 
is not called upon for more than a stipulated fraction of 
his time. 

To use the graduate student under a small stipend as a 
part-time teacher giving regular classroom, instruction, as a 
measure of economy, is a practice that at the least is open 
to the danger of lowering educational standards. It may 
also be questioned whether the division of interests of the 
graduate student between his own advanced work, on which 
he should be concentrating his best energies, and the inten- 
sive preparation that should precede classroom instruction 
when it is a wholly new' experience is in the best interests of 
the graduate student himself. There are undoubtedly 
exceptions to any rule in this connection, and some graduate 
students, by reason of inherent aptitude for teaching as Well 
as insight from their own recent experiences into the prob- 
lems and difficulties of undergraduates, may make accept- 
able instructors. On the whole, however, we regard the/use 
of graduate students as classroom teachers, except, perhaps, 
in the case of mature individuals with previous teaching 
experience, as an undesirable practice. The fairly wide- 
spread prevalence of f the practice leads us to call attention 
to its dangers. \ 


interpretation of the survey 
COOPERATION AMONG INSTITUTIONS 


95 


colrir^fon ^ n s thi ’ r ene ”' subiect are P"*“ted for 
consideration, (l) Specialization among institutions in the 

development of particular fields of advanced studv anH 

research; and (2) cooperation in the offering of complemen 

tary programs of advanced study. mpiemen- 

(1) hjuch has been said and written as to the benefits 
hat would accrue from the avoidance of needless du phca 
Uon in advanced work on the part of institutions in the^ame 
xj y *7 deal With much the same student and indus- 
trial clientele. .Two points of view on this matter are ex 
pressed ; they exist, in fact, among the members of this com- 
mittee. One, that measures should be sought looking to the 
development of noncompetitive lines of advanced work 
where such competition is clearly undesirable; and the 
other, the realistic attitude that specialization in graduate 
work and research is likely to be a matter of na^t 

or of™™ 7 ° { planned restriction, or limitation 

or of more or less formal agreement among institutions' 

Sr ri? r idance f of , dupiication ^ 

that Wit th ^ ^ e * W ° f 1116 ma J° nt y of the committee 
that institutions desiring to achieve an important place in 

advanced work and research will do so by taking advantage 

of opportumties afforded by resources or environment 

specie abihties of members of the faculty, to build up dis- 

S^enta fT* • WOrk -' muatrations »f “■» accom- 
5ZT.ll^r mcrea3iD e in number. Among 

. „ C1 | 6< ^ certain of the courses and conferences 

are^offer^f^^ *° ° f en ^ eerin S teachers that 

are offered by several institutions; special programs of 

graduate study afforded in several cities for the benrfit of 

young employed engineers; distinctive research prograins of 

and so on. The development of centers of research of the 

* bo one of Z 

most to be desired in engineering education, decent 

m e <mmmr it8 lf l g ( 8<1 kf , n 8tUdy tave *ive“ impetus to this 

ST’S h0ped available resourses will 

permit its further development. 
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(2) Cooperation among institutions in exchange of credits 
and in facilitating the movement of graduate students from 
institution to institution so that they may take advantage 
of noteworthy offerings in particular fields appears to be a 
distinctly promising means of promoting cooperatioh among 
institutions in the general field of advanced study. We 
feel that this is not only possible of accomplishment but 
that active steps might well be taken to insure it. We 
therefore suggest that a conference of administrative officers 
be held with a view to determining the general principles 
in accordance with which cooperative arrangements may be 
effected as well as to adopting administrative procedures 
needed to carry such principles into effect. Such a program 
m&ht include special provision for teachers who desire to 
do their work for advanced degrees in more than one insti- 
tution. 

CONCLUSION * 

In bringing this report to its conclusion we would reiterate 
our introductory remark that our discussions of the results 
of the survey are not intended as specific recommendations. 
As the study has progressed it has become increasingly 
apparent that the development of graduate work in engineer- 
ing is in such a formative state that it would be premature 
to attempt to draw up a comprehensive set of definitive 
conclusions and recommendations at this time. We believe, 
however, that it may be appropriate to present the following 
summary of some of the more important issues and problems 
that have become apparent as the survey has progressed as 
a means of focusing thought and discussion upon them: 

(1) There is apparent need for clarificationv of the issue 
between the extension of the undergraduate' program into 
a fifth year, and of the 2-stage program of 4 undergraduate 
years followed by advanced work of genuine graduate nature. 

(2) There is need for tecognition of the fact that many of 
the procedures as well as the content and method of graduate 
work have been the result of adopting the forms of the older 
fields of philosophy and pure science without regard to the 
special attributes or needs of engineering. Herein, distinc- 
tive features of graduate work seem likely to evolve. The 
question & how. last we should pioneer. 
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(3) A problem is before us m connection with the func- 
£3?£f ““ of ? ra duate work: Should it be directed almost 
solely to preparation for the design and research function of 
the profession-with incidental values as preparation for 

Pr ° POrtiODate derel0 P“ ent of 

graduate field seems to be something of a problem • it is not 
clear that original and self-motivated work on the part of 
the student is a basic idea in the operation of many graduate 
programs, particularly for the master’s degree. In this con- 

thf lfc f - W ° / S u em L ^ at cons ideration might be given to 
the adoption of the honors group plan of work for gifted 
undergraduates of the junior and senior years as a means of 
promo^oiugmal and self-motivated work in the graduate f 


• ? n ar f e , vl< l entl y Problems of administrative super- 
vision and control of graduate work in engineering, particu- 
larly where the engineering division is part of q. lm-ger insti- 
tuuon. These problems dSfer, even in the same institution 
as to work for the master’s degree and for the doctor’s degree! 

«nH 6 L^! St i PreSSin * g a / pre , s ® nfc i9 the Problem of selection 
and of development of teaching staffs in the graduate field 

a condition aggravated by the rapidity of the growth of 
graduate work and by financial conditions. 

rni2ir?5 DSldeWtio11 - sh ? uld . be to the possibilities of 

cooperation among institutions m the development of com- 

plementaiv programs of graduate work and in promoting 
transfer of students from institution to institution. 

(8) Finally, there are many specific problems relating to 
yanoua aspects and details of graduate programs. Among 

»Zt e ie°tT S may be ^ th0Ugh ’ ra 


(а) Language requirements in the master’s and the 

doctor s programs. 

(б) Use of the subsidized graduate student as a part- 

tune teacher. 

(c) Admission standards and procedures, with particu- 
lar reference to progressive selection. 

W Lxarrunation methods, with particular reference to 
oral examinations in the master's program and to 
comprehensive examinations. 

(e) Degree practice, with particular reference to the use 
°* the rh. D. m engineering. 
if) Practice in the matter of conferring advanced 
degrees on members of the institution’s own staff. 
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( 9 ) Teaching loads and evaluation of graduate instruc- 
tion and supervision of research in connection 
therewith. 

Committee on Graduate Work , 

Society jor the Promotion of Engineering Education, 

T. R. Ago 
Edward Bennett 
Dexter S. Kimball 
Parke R. Kolbe 
Thorndike Saville 
George B. Thomas 
Carlton E. Tucker 
H. P. Hammond, Chairman. 
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APPENDIX 

This appendix includes a copy of the letter of the Acting 

o C f°=r ff UCat: ° n 40 0fflcials of Wgber institutions 
ot learning that offer courses in engineering transmit lino- 
the questionnaire on which the surTy wJC X 
copy of the questionnaire itself. ’ 0 a 

United States Department of the Interior, 

• Office of Education, 

rp n Washington, October 15. 19SA. 

° 01 En ? iwtri y °J c ° u °0'° <‘«d Uni. 

versuus offering courses in engineering: 

The Office of Education and the Society for the Promotion 
of Engineering Education are cooperating in a study of the 
status and trends of graduate work hi engffi^ ' A 
part of the study will be based upon data aTSns of 
engineering educators. The facts thus obtain” be 
compiled and the results published for the information of 

WUh thi9 ^P 01 ^ and rapidly developing 
neld of instruction in education. oping 

pr^3*?^X.^T 1 “ Ch T C T pallie3 thia leMer haa been 

'“theS^ E E .“h - 0n 

vmiUM fh„t E ' E ' d .‘ S “ nt . to aU “d uni- 

a, f °® er courses in engineering. Your aid is 

therefore invited by supplying as fully as possible the ' 
information requested. If your. institution do« not offer 
graduate work in engineering, it is sumresterf Ik., T 

tiT^AUhe b6 r °. tumed , w j‘ h “ answer to the first qu^ 
tion. At the same time the Office will be glad to have vo.ir 

news on questions which are of interest to you. " 

C , 0p ‘“ of the questionnaire are being supplied 
Vm you kindly return at your earfiest convenience ow' 
with the requested information. One copy can wmrin fo^ 
T-fTl « may be used as a Zrk^heT 
yourC c tt y ’ WhiCh requirea no po8ta e e ' >« enclosed for 

Sincerely youre. B ess Goodyeoonts, 

Acting Commissioner. • 
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COPY OF QUESTIONNAIRE 

United States Department of Interior, 

Office of Education, 
Washington, D. C., October 15, 19S4- 

SURVEY OF GRADUATE WORK IN ENGINEERING 

EDUCATION 


Name of institution Post office address 


(Name and title of individual to whom communications relating to this 
form should be addressed.) 


1. Does your institution offer graduate work in engineering? Yes 

No ^ ^ 

If the answer to this question is “no”, kindly return this form with- 
out further entries. 

Certain of the questions on this form may be answered by supplying 
facts and figures. Spaces are provided for the tabulation of such 
replies. Others request opinions, or general descriptions. In such 
instances the spaces provided may not be sufficient. In that evenj, 
please use additional sheets, indicating thereon the item of the ques- 
tionnaire to which the additional comments relate. 

It is recognized that certain of the data requested can be supplied, 
if at all, only with considerable difficulty by some institutions. There 
is no desire unduly to burden anyone with the preparation of such 
data. It is merely hoped that replies will be as complete as is rea- 
sonably possible. Where answers can be given most readily by refer- 
ence to published documents, such as catalogs, excerpts from such 
documents may be pasted either on this form or on additional sheets, 
indicating the item of the questionnaire to which the excerpts relate. 

Information is desired as to engineering work only, and unless 
specifically indicated to the contrary, each question refers to your 
college of engineering. Architecture, pure science, and other fields, 
though related to engineering, are not intended to be covered by the 
study, even though such work is contacted in the engineering college. 
In some instances it may be difficultaefinitely to differentiate between 
work in engineering and work in science. In that case the judgment 
of the individual supplying the information must determine whether 
or not the work in question is to be included. In case work properly 
to be considered as lying within the field of engineering is adminis- 
tered by the 'general graduate school or division of the institution, 
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cooperation with industries is also to be consirw/ ^ bas,B m 
ZSSZ? the d e gree o, cre d » £ STM r„rXt 

Where the word “Administration" ia urpH if * 
and classification of graduate students ™ ^ ™ 40 re S ustration 

faculty, approval of courses and the . pp0,nt ™ eDt8 the graduate 

“ r M ’ io 2 * 

guiAed from the clerical. Where the woM SSff S “ 1 ““,“"' 
to the engineering college or division Wh ^ U Used ’ l4 refera 

i» used, U refere £ th.^u" tiZnc.t^ ™ IZu IZT^i 
engineering ia a part. wmcn the college of 

2. Please enumerate fields of work fas rW.Vni 

(a) For the master's degree 
(£>) For the doctor’s degree 

3 '^Thetr U lt~' e ^ Ple ^ 

degree, second semeste^ o^cond ^ua^.^i , eqUiValeDt ’ 


Field 

,Full- 

tlme 

resideni 

stu- 

dents 

Part-time 
resident 
v students 
(teaching 
fellows, 
etc.) 

Chemical engineer- 

!ng- 

Civil engineering 

Electrical engineer- 
ing 

— 



Ing- - 

Mlnin«engineering.. 
Metallurgical engi- 
neering 

•* ■••• — ... 



= 

* - - - 

Total.... 

1 Do not Include anv dft 




maaa aah 

* * £ 


Coop- 

erative 

stu- 

dent!* 


Eve- 

ning 

stu- 

dents 


Others tplease 
specify types) 


Number 
of mas- 
ter’s 
degrees 
conferred 
1933-34 1 


Include such degrees under (e) onlv i. P ^ < ** s "****&*&' degrees 

«H m. W y - ** not du 0 U «* “y enrollment* nader botM?, 
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3. Enrollments and degrees conferred — Continued. 

(6) Enrollments in work leading to the doctor’s, or equivalent, 
degree, second semester or second quarter, 1933-34.' (If 
it is impracticable to classify such students, or degrees, by 
divisions of work, merely give totals.) 


Field 

Full- 

time 

resident 

stu- 

dents 

Part-time 

resident 

students 

(teaching 

fellows, 

ct#) 

Coop- 

erative 

stu- 

dents 

Eve- 

ning 

stu- 

dents 

Others (please 
specify types) 

Number 
of doc- 
tor’d 
degrees 
conferred i 
1933-34 1 




Chemical engineer- 
i ng 


| 

1 

i 

i 

l 


» 

— •*: 

Civil engineering 




i - 


Electrical engineer- 
ing 


i i- i 

1 

j 

Mechanical engineer- 
in* 

1 

1 i | 1 

1 1 

1 

Mining engineering. . 

i 1 I 


I 

i 

i 

Metallurgical engi- 
neering 

' 1 * 1 

1 

! 


-| i | 





1 


i ! 





1 


: | 




. 






i 

i 





S’ 



Total 

i 



i 

i 

! . i - l 



i 

i 


i i i 

i 

1 1 1 i 



• Do not Include any degrees conferred for practical experience as "poetscbolastlc" degrees. 
Include socb degrees tinder (c) only. Do not duplicate any enrollments under both (a) 
and (6). 


(c) N umber of engineer’ s degrees, such as civil engineer, conferred 
in 1933-34 for practical experience, as postscholastic degrees, or 

otherwise, except for work in course. ; 

W) Please state the year in which the first master’s degree in 

engineering was conferred by your institution. 

Similarly, please state the year in which the first doctor’s 

degree in engineering was conferred. .1 

4 . A dminis tration of graduate work in engineering. Please check type 
of administrative organization in spaces provided below, or, if no 
appropriate designation is giveD, please describe the form of ad- 
ministrative organization in your institution. If work for the mas- 
' ter’s degree is administers^ differently from work for the doctor’s 
degree, please so indicate. ‘ * 


(o) General administrative control by — 

College or division of engineering 

Graduate school distinct from college 

of engineering 

Special committee of engineering fac- 
ulty 

Other arrangement (please describe) .. 


Afufer’f 

degree 


Doctor* $ 
degree 
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4. A “; n «tration of graduate work in engineering-Continued 
(6) Individual in immediate responsible cnt,nued - 

charge— 

President oegree deQree 

Dean of engineering. _ * 7 

Dean of graduate school " 

Chairman of committee 

^ Hher supervisor (please specify) 

ps^igg 

M eu”'“'7o^lIluato°w^riner ,hiP ° f adm ‘" i '‘ rati ™ a " d 

work in the institution nartiV i " gJ " eering 40 other graduate 

ta physic., cheS; , ^tor u i y ^,r iene '’r despeci ^ 
cl««ly relate to oth ' r Md * 


i^XTTuXt^roM^^ courKs “ - 
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6. Faculty. 

(a) To what extent do you relieve those teaching graduate stu- 
dents from the teaching of undergraduates? Specifically, in 
adjusting teaching loads, what relative weight is given to 
graduate teaching as compared with undergraduate teaching? 
If a definite policy is pursued, please outline it 


(6) Is special or additional remuneration allowed for graduate 
teaching? If so, please outline your plan briefly 


(c) Have you had any experience in relation to visiting and 

exchange professors? Yes No , or 

Do you at present have any definite plan for employing 
them? Yes No If so, please outline briefly 



(<f). Have you any definite plan for the encouragement of younger 

members of ,your staff to pursue graduate work? Yes* 

No In your own institution? Yps No 

Orelsewhere? Yes No 

Are sabbatical leaves granted for this purpose? Yes — ... 
y No 

Please Indicate the extent to which your teachers have 
availed themselves of such opportunities by filling in the 
following spaces: y / 

Number and. percentage of yarn- engineering ’ staff now 
pursuing graduate work. '“Number Percent- 
age * \ 

Number and percentage of your engineering teaching staff 
who earned graduate degrees in the years 19284to 1934 

inclusive. N umber v Percentage 

(e) What percentage of your staff engages in teaching graduate 


work? What percentage engages rin directing 

research? . . i 2 ... 


(J) In choosing new members of your teaching staff, what weight 
is given to possession of advanced degrees by applicants? 


Similarly, what weight is given to possession of practical 
experience? — ' 

Do you require the holding of a degree beyond the bacca- 
laureate by new applicants? — t 

Has there been, any change in this situation in recent years? - 

If your institutidri has a definite policy in this connection,/' 
please state it..,. :... : 
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5. Faculty — Continued. 

i0) fr ontline the practice of your institution in conferring 

otZll nT f ° r W T k iD C ° Uree ' upoQ -embers of you? 
' n 1 18 tf i. er ! any limitation as to the rank (or title) of 

teachers upon which you will confer such degrees? - 




6. Basic nature of graduate work. ” "\ 

(а) Please state the practice of your engineering college and your 

rz - to the reiative em ' ,h “ ,8 

devot^i to. pure sc.ence, engineering, and “humanistic" work 
in graduate study in comparison with undergraduate study. 

\ i) For the master's degree 

- ^ — 

- — r ■ - 

(2) F or the doctor's degree J r t - - ; - - 

(б) nnm^ e « 8 !T te r yOUrVieW8a8 to the place which" study of eco- 
nomics and of economic factors in engineering should occupy 

“ “T , ! ad * n ; *° advanced de » ree8 in engineering. 

(1) For the master's degree 


(2) For the doctor's degree. 


7. Nature of programs of graduate work" "" 

*. PCrCentage of youp requirements must be satisfied by 

. * wo k m course, and what percentage by research — C 


Work in count, 
including seiti- 
inan 


Research, includ- 
ing thesis 


For the master's degree 

For the doctor's degree... 

d ° 5 ' OU ““ ‘ he ‘yP® »<»-k in 

For the master’s degree 

For the doctor’s degree 

(c) Have you a definite plan ofjrescribed “majors’’ and “minors’’? 
. If B0 ’ p,ease outline iy 8 re^rds work for the— 


Raster's degree. 
Doctor’s degree. 


(d) Please state your requirements as to time 


m residence for the 

Maximum time Minimum time 

permited 

-V * 


permUUd. 





.Master’s degree 

Doctor’s degree 

(.I Ple Me out line your ; police M to'^nltauit, 

m V T i r ° f credlt » other ln.titutfoD». »nH lit!. 


-' 














* . 


1 **7 

4 , V ' . 
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8. Admission requirements. 

(a) Are specifications imposed as to the quality of undergraduate 
records of applicants for admission to graduate work? 

Yes No 



( b ) Please outline your procedure as to admission of graduates of 
nonengineering curricula. Have you any system of pre- 
requisites in this connection? . _ 


(c) Please outline your requirements and procedure as to the 

admission of a graduate of one engineering curriculum who 
desires to work for an advanced degree in another field. Haye 
you any system of prerequisites in this connection? l 

- - I 

i 

(d) On what basis are credentials of graduates of other institutions 
evaluated,? 

As to specific courses pursued? 


On the general standing of the institution? _ 


On the quality of the undergraduate record of the applicant? 


Please explain your policy and methods. 

(e) Are examinations for admission to graduate courses given 
(aside from those required for formal admission to candidacy v 

for a degree)? Yes No 

If so, what is their nature? Oral? Writ- 
ten? In specific subjects of instruction? 

Or comprehensive examinations? 


\ - - .... 

(J) How are admission procedures administered? By an 
individual? By*a committee? 


iff) Please outline your requirements and procedure as to formal 
admission to candidacy for — 

. The master’s degree. 


The doctor’s degree. 


(If your catalog outlines such requirements accurately 
and completely, answers may be supplied by pasting 
excerpts on this or on an attached sheet.) 
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6. Admission requirements — Continued. 

(A) What is your foreign language requirement for 
' ihe master’s degree 


The doctor’s degree. 


"Ztrr VieB ’ Tn «‘to the requirement’ of 

degreea to 

9. Graduation requirements. 

The master’s degree 

TJie doctor’s degreOi.. — 

a°“ .rT : a ■•<* ' « 

Squats student, and thCree thaTn^sC^n'b 
graduates»etc.7 Yes No. 7 Under - 

If so, please state the basis of classification 

W ^^e7 P ° rt . i .°?. 0f ^ tyPe<iS ^^'^’an'advanced 

' C0Uree8 “Ot taken bv the'stud^t aa'an 

dergraduate accepted as partial fulfilment of reauire 
meets for an advanced degree? 

If so, m what proportion? . 

Under what conditions?! I.""” 

If certain subjects, such as differential ^^tio'ns" arereauVmH 

0 “ rricul * but *“* to •‘here, and if 
paduato students may offer such courses In satisfaction 

i~;:crcr' ir^rtn 

toght sepamwy , 0 , the gmduate itudenS? iT^t. 
pm^nmtLr ' rcnCe nbiKt “<* htothod' of 




u so, what conditions are imposed? 
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10. The thesis. 

Please outline your methods of conducting thesis work and your 
requirements therein under the following heads: (1) Selection of topics; 
(2) time required and maximum time permitted; (3) creditgiven (please 
state your views as well as your practice); (4) methods of administra- 
tion and of supervision; (5) relationship to institutional and depart- 
mental research programs; (6) other aspects of importance in your 
institution. 

Please supply answers on separate sheets as to — 

(а) The master’s degree. 

(б) The doctor's degree. 

11. Examinations. 

Please outline your methods as to (1) examinations in prescribed and 
other formal courses; (2) examinations for admission to candidacy for a 
degree; (3) Final (comprehensive) examinations. In particular please 
state the extent to which the oral examination and the combination of 
oral and written examination are employed and, in instances where the 
oral examination is employed, the manner in which the examiners are 
chosen. 

(Please ubc additional sheets for this discussion.) 

12. Degrees. 

Please state the form of degrees conferred by your institution for 
work in course — * 

(o) The masteriadegree (as M. S., M. 8. in C. E., M. C. E., etc.) 

(6) The doctor’s decree (as Ph. D., D. Sc., D. Eng., D. C. E., 
etc.) - - 

(c) Please state your views as to appropriate forms for degree for 
advanced work — 

In engineering. 


In science c . 


13. Costs. 

(a) Please state how the cost of graduate work is budgeted. 
Under what major items? How is cost of research budgeted? 
Is cost of engineering graduate* work budgeted separately from 
work in science and in other fields? i 


(If a sample form of budget can be supplied please attach 
two copies, omitting amounts if desired.) 

(6) Please state the fees charged f or graduate work and the basis of 
such charges, i. e., whether the charge is made per course unit, 
a single charge per year, a stipulated minimum total for the 
degree, etc : — 
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13. Co8ts — Continued. 

(c) If such data can be readily given please state the costs of gradu- 
ate work in your institution in terms of dollars per full-time 
student per year, or in terms of cost per course unit, or in Buch 
other units of expression as you may employ. If costs of gradu- 
ate work in engineering are kept separately, please give data 
both as to costs in engineering and as to costs in related fields. 
Please state explicitly the basis upon which unit costs are 
computed 


O 
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14. Fellowships, scholarships, and teaching assistantships. 

Please give the following information for the academic year endini 
June 1934. 8 

. *(°) Number of institutional fellowships or 
scholarships filled by engineering students 
fcrhich make no demand on students for as- 
sistance of any kind 

Stipend per school year for each type 
(fellowships, scholarships) 

(b) ' Number of institutional (including experi- 

ment station) fellowships or assistantships 
available to graduate engineering students, 
requiring part-time work on assigned research 
or testing 

Stipend per school year for each type. 

Hours of service required per week 

(c) Number of teaching or laboratory assistant- 
ships available to graduate engineering* stu- 
dents, requiring part-time assistance in the 
conduct of class (quiz) or laboratory sections. _ 

Stipend per school year for each type 

Hours of service required per week 

. (d) Number of industrial fellowships available to 
graduate engineering students, requiring part- 
time work on projects of interest to the indua- 

try-- * 

Stipend per school or calendar year for each 

type (underscore which) 

Hours of pervice required per week 

(«) Please give similar information relative to other fellowships or 
awards in support of graduate work in engineering which do not 
fall under any of the above groupings.'. i 

“ ^ — _______ 

(/) If there has been any marked change aa to number of fellow- 
ships and scholarships available, or any material change in 
stipends, during the past 2 or 3 years, please describe briefly 

““ “ --W ..... ........ 
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June 1934 — Continued. 

( 9 ) Total value of stipends available to graduate engineering 
students in all departments: 

During the year '1932-33 $ 

During the year 1933-34 $ 

15. Cooperation. 

(o) Has your institution any cooperative arrangement for inter- ' 
change of facilities or credits in graduate work with any other 
institution? If so, please describe the essential features of the 
arrangement. Please state the extent to which it is used. 
Please also give your general experience in this connection 


( b ) Has your institution any arrangement with industries for the 
offering of post-graduate work fof employees either on a part- 
time or on a full-time basis? If so, please outline the arrange- 
ment and discuss your experience 


16. Facilities for graduate work. 

Please state the funds allotted in 1933-34 for extension of and for 
maintenance of facilities for graduate work in engineering, and for 
research. If possible, please give separate figures for laboratory 


facilities'and for the library. 

For laboniioria For (A* library 

For maintenance $ • $ 

For extension (new acces- 
sions) $ $ 


How does your situation in this respect in 1933-34 compare with 
that in 1929-30? Please give answers in as explicit terms as possible 


17. Relationship of graduate to undergraduate work. 

(a) Has there been any perceptible tendency, as work for ad- 
vanced degrees In -engineering has been developing during the 
past 2 decades, to transfer from the undergraduate curriculum 
any of the more advanced engineering cot&ses to the graduate — 
program? 


( 6 ) Has the development of graduate work in the past 2 decades 
had any other perceptible influence upon the content, purpose, 
scope, or other characteristics of undergraduate curricula? If 
so, please describe the situation in thia connect^ in your 
institution. : 




17. Rraduate to undergraduate work — Continued ' 

H P r ' curnc ' jlfl . as of 5 or 6 years, are offered for the first 
degree in engineering In your institution, what is the relation* 

S2L‘ ,7“ pro r" to to advanced degrS 

lease state as explicitly as possible, in terms of tvfes of under 

• graduate and of graduate program^, cred“ IS 
and similar matters . .. under graduate programs. 


1 y °u • experience and your views aa'^a^yoVheVasDecta 

relating to gmduate work in your inlPutlon L^fs'red^yT 
foregomg questions, please outline them d by the 

me,y institutional practice, be kept in line with those need!? 
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standing of institution, 48; according to 
undergraduate record of applicant 48* 
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farm, 17; relation to graduate work. 86-88; 
rl yra o f oormpoDdonU as to policies and 
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Institutions included in survey IX -XI 

‘‘STm™ 1 ”' 1 * •' 

Interpretation of the 8tgvey, 82-98. 

Language requirements, 85. See fore ism 
language requirements. foreign- 

♦°r!^ SS . ist ^i t CoEn missioner of Educa- 
tion to engineering school officials, 99. 

^degree °° rS ’ plan of> 2#: master's 

d ff re «_ ,n engineering, tbe first: 1. 
Methods of instruction and guidance m *7 
Method of tbe survey, IX ’ ’ 87 ‘ 

as . 10 P 1 * 1 ® of economics and eco- 
nomlc lectors In programs of study, 29 30 
0pl “'?7 « to improvement of 
work In engineering, 71-75. 

Part-time graduate work, 38-44. 

Pb. D.rflrst In engineering, I. 
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^0-38, economics and economic factors. 
26, general characteristics, 28; proportion 
of required work In principal fields for 
master s degree, 27: for doctor’s degree. 28. 
Purpose of the survey, IX 

Questionnaire, 106-111. 

R i l ni^,T ,Uat ®* tUdenl * 10 ® Q £ ,neeriD * to 

RoCTuitment and training of teachers, 22, 23. 
Relationship of graduate work to under- 
graduate work, St-88. 

Selection of teachers, 21, 22, 92 

■SSRBHitf — • « 

& loSraBp^ ctas * lflcaUoD - «*■ 70 (also fel- 
^rfEKailL 1 Pi tn l ctJon ' »: advanced 

rmmer^,*na 23 PrOVem * Dt throu ‘ h 

Student supervision, 91. 

^7ng m p ^ arTD| Kroduate work in engineer- 

Teaching loads, adjustment, 20; and extra 
compensation, 21. ' 011 

T 9M3 * Uff ' problems, 91-92; selection, 

Thesis, credits allotted, 59. 

Time In residence for higher degrees, 53. 

^i^cSsft 3 d * gm ' requirtd ' 221 

Transfer of credits; 83, M. 

Visiting and exchange professors, 31. 

Wo ^ k .f n ooura8 •*> w «* In research, their 
relsUons^ master's dogree, 31; doctor's 
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